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1
BALANCE CHARGING CIRCUIT FOR
SERIES-CONNECTED STORAGE CELLS AND
BALANCE CHARGING METHOD FOR
SERIES-CONNECTED STORAGE CELLS

TECHNICAL FIELD

The present invention relates to a balance charging circuit
for series-connected storage cells and a balance charging
method for series-connected storage cells.

BACKGROUND ART

Storage cells (hereinafter referred to as cells) such as sec-
ondary batteries and capacitors are often used to be connected
in series. When the cells are connected in series, voltages at
both ends of the series-connected cells increase. In view of
this, when the series-connected cells are assumed as a single
module, that is, a single package, a voltage booster type of
charging circuit using an inductor or the like is necessary to
charge the series-connected cells by a low-voltage power
supply. A charging circuit 503 in FIG. 109 is a conventionally
known charging circuit for series-connected cells.

The charging circuit 503 includes a coil (an inductor) L1, a
switch S1, a switch S2, and a charging control circuit Control
5, and one end of the coil L1 is connected to an input terminal
501, one end of the switch S1 is connected to an output
terminal 502, and one end of the switch S2 is connected to a
reference voltage terminal. Another end of the coil L1 is
connected to the other end of the switch S1 and the other end
of'the switch S2. Further, the charging control circuit Control
5 controls on and off of the switch S1 and the switch S2.
Further, series-connected cells are connected to the one end of
the switch S1.

The switch S2 is turned on by the charging control circuit
Control 5. Next, an input voltage Vin is input from the input
terminal 501, and a charging current to charge the series-
connected cells with electric charge is stored in the coil L1.

Then, the switch S2 is turned off and the switch S1 is turned
on by the charging control circuit Control 5. After that, the
series-connected cells are charged with electric charge by the
charging current charged in the coil L1.

The series-connected cells can be charged in this manner.

In the meantime, capacitance values of storage cells differ
from each other due to their production processes.

In such a case, if there is a variation in capacitance value
between series-connected cells, a variation in voltage occurs
between the series-connected cells after charging is per-
formed. When the variation in voltage occurs, a voltage con-
centrates on one of the series-connected cells, which causes
such a problem that its life is shortened. In order to solve this
problem, there has been known a voltage balance correction
circuit (a cell balancing circuit) for series-connected cells for
equalizing voltages of respective cells in the series-connected
cells to maintain voltage balance (see, for example, Patent
Document 1).

A cell balancing circuit 504 in FIG. 109 is a conventional
cell balancing circuit described in Patent Document 1.

The cell balancing circuit 504 includes a coil L2, a switch
S3, aswitch S4, a cell Celll, a cell Cell2, and a cell-balancing
control circuit Control 6. The cell Celll and the cell Cell2 are
connected in series and have one series-connected end con-
nected to the output terminal 502 and another series-con-
nected end connected to areference voltage terminal. Further,
one end of'the coil .2 is connected to a contact point between
the cell Celll and the cell Cell2, one end of the switch S3 is
connected to the output terminal 502, one end of the switch S4
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is connected to the reference voltage terminal, and the other
end of the coil L2 is connected to the other end of the switch
S3 and the other end of the switch S4. Further, the cell-
balancing charging circuit Control 6 controls on and off of the
switch S3 and the switch S4.

The switch S4 is turned on by the cell-balancing control
circuit Control 6. Among electric charge charged in the cell
Cell2, a current to maintain voltage balance between the
series-connected cells is flowed into the coil L2 so as to store
a charging current.

Then, the switch S4 is turned off and the switch S3 is turned
on by the cell-balancing control circuit Control 6. After that,
the cell Celll is charged with electric charge by the charging
current charged in the coil L2 so as to maintain the voltage
balance between the series-connected cells.

As mentioned earlier, each of the charging circuit and the
cell balancing circuit needs one coil.

If the charging circuit is combined with the cell balancing
circuit, a balance charging circuit for series-connected cells
which charges the series-connected cells and maintains volt-
age balance between the respective cells is attained.

FIG. 109 is entirely a view illustrating a conventional bal-
ance charging circuit for series-connected cells. The conven-
tional balance charging circuit for series-connected cells is
constituted by the charging circuit 503 for charging the series-
connected cells and the cell balancing circuit 504 for main-
taining voltage balance between the respective cells.

The charging circuit 503 includes a coil (an inductor) L1, a
switch S1, a switch S2, and a charging control circuit Control
5, and one end of the coil L1 is connected to an input terminal
501, one end of the switch S1 is connected to an output
terminal 502, and one end of the switch S2 is connected to a
reference voltage terminal. Another end of the coil L1 is
connected to the other end of the switch S1 and the other end
of'the switch S2. Further, the charging control circuit Control
5 controls on and off of the switch S1 and the switch S2.

The cell balancing circuit 504 includes a coil .2, a switch
S3, aswitch S4, a cell Celll, a cell Cell2, and a cell-balancing
control circuit Control 6, and the cell Celll and the cell Cell2
are connected in series and have one series-connected end
connected to the output terminal 502 and another series-
connected end connected to the reference voltage terminal.
Further, one end of the coil L2 is connected to a contact point
between the cell Celll and the cell Cell2, one end of the
switch S3 is connected to the output terminal 502, one end of
the switch S4 is connected to the reference voltage terminal,
and the other end of the coil L2 is connected to the other end
of the switch S3 and the other end of the switch S4. Further,
the cell-balancing charging circuit Control 6 controls on and
off of the switch S3 and the switch S4.

FIGS. 110 to 113 are views to explain operations of the
conventional balance charging circuit for series-connected
cells.

Firstly, the switch S2 is turned on by the charging control
circuit Control 5. Next, an input voltage Vin is input from the
input terminal 501, and a charging current to charge the
series-connected cells with electric charge is stored in the coil
L1. A path of the charging current is indicated by a dotted
arrow in FIG. 110.

Then, the switch S2 is turned off and the switch S1 is turned
on by the charging-amount control circuit Control 5. After
that, the series-connected cells are charged with the charging
current charged in the coil L1. A path of the charging current
is indicated by a dotted arrow of FIG. 111.

In parallel with the afore-mentioned operation of the
charging control circuit Control 5, the switch S4 is turned on
by the cell-balancing control circuit Control 6. Among the
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electric charge charged in the cell Cell2, a current to maintain
voltage balance between the series-connected cells is flowed
into the coil 1.2 so as to store a charging current. A path of the
charging current is indicated by a dotted arrow of FIG. 112.

Then, the switch S4 is turned off and the switch S3 is turned
on by the cell-balancing control circuit Control 6. After that,
the cell Celll is charged with the charging current charged in
the coil L.2 so as to maintain the voltage balance between the
series-connected cells. A path of the charging current is indi-
cated by a dotted arrow of FIG. 113.

In the conventional balance charging circuit for series-
connected cells, the series-connected cells are charged with
electric charge and the voltage balance between the series-
connected cells is maintained as such, so as to obtain an
output voltage Vout from the output terminal 502.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: JP 2008-17605 A
SUMMARY OF THE INVENTION
Problem to be Solved

However, the conventional balance charging circuit for
series-connected cells described in Patent Document 1 has
the following problem. In the conventional balance charging
circuit for series-connected cells, two coils in total, i.e., a coil
for charging the series-connected cells with electric charge
and a coil for maintaining voltage balance between the series-
connected cells are necessary. That is, a coil is larger in size
than components such as a switch, and therefore, using many
coils causes such a problem that a circuit is upsized as a
whole.

Further, in order to maintain voltage balance between the
series-connected cells by use of the conventional balance
charging circuit for series-connected cells, another charging
circuit is necessary separately, as has been explained with
reference to FIG. 109. That is, by performing two operational
stages, i.e., by performing charging by this charging circuit
(see FIG. 110 and FIG. 111), and then, maintaining voltage
balance between the series-connected cells by the operation
of'the balancing circuit (see F1IG. 112 and FIG. 113), charging
voltage balance between the series-connected cells is main-
tained. As described, it is necessary to provide a charging
circuit in addition to the balance charging circuit, which
causes such a problem that a circuit is upsized as a whole.

The present invention has been made in view of the above-
mentioned circumstances, and an object of the present inven-
tion is to provide a balance charging circuit for series-con-
nected storage cells and a balance charging method for series-
connected storage cells each of which can combine a coil for
charging series-connected cells with electric charge and acoil
for maintaining voltage balance between the series-con-
nected cells, that is, can realize these coils by a single coil and
which attains a smaller circuit configuration as a whole.

Solution to the Problem

A balance charging circuit for series-connected cells
according to one embodiment of the present invention is a
balance charging circuit for charging, in a balanced manner, a
first storage cell and a second storage cell connected in series
and having one series-connected end connected to an output
terminal and another series-connected end connected to a
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reference voltage, and the balancing charging circuit
includes: a coil provided in common for the first storage cell
and the second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage cell
and the second storage cell; and a switch section for electri-
cally connecting the coil to one of the first storage cell and the
second storage cell to charge the one of the first storage cell
and the second storage cell and then for electrically connect-
ing the coil to the other one of the first storage cell and the
second storage cell to charge the other one of the first storage
cell and the second storage cell. By employing this configu-
ration, it is not necessary to provide a plurality of coils and it
is possible to downsize a whole configuration of the balance
charging circuit more.

Inthebalance charging circuit for series-connected storage
cells, it is preferable that: the switch section includes a plu-
rality of switches for switching a path of a charging current
flowing in the coil; the balance charging circuit further
includes a control circuit for controlling the plurality of
switches to be turned on and off and for setting repeatedly in
turn a first charging period in which the coil is charged with a
charging current to charge the second cell, a second charging
period in which the second cell is charged with the charging
current thus charged in the coil, a third charging period in
which the coil is charged with a charging current to charge the
first cell, and a fourth charging period in which the first cell is
charged with the charging current thus charged in the coil; and
in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a path of
a charging current flowing into the reference voltage terminal
through the coil, in the second charging period, the control
circuit controls the plurality of switches to be turned on and
off to form a path of a charging current flowing into the
second storage cell from the coil, in the third charging period,
the control circuit controls the plurality of switches to be
turned on and off to form a path of a charging current flowing
into the reference voltage through the coil, and in the fourth
charging period, the control circuit controls the plurality of
switches to be turned on and oft to electrically conduct one
end of the coil to one end of the first cell, electrically conduct
another end of the coil to another end of the first cell, and form
apath of a charging current flowing into the first cell from the
coil. By employing this configuration, it is not necessary to
provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

The plurality of switches may include a first switch having
one end connected to a contact point where the first cell and
the second cell are connected to each other, a second switch
having one end connected to an input terminal, a third switch
having one end connected to the reference voltage, a fourth
switch having one end connected to the output terminal, a fifth
switch having one end connected to the reference voltage, and
a sixth switch having one end connected to the contact point
where the first cell and the second cell are connected to each
other; one end of the coil may be connected to another end of
the first switch, another end of the second switch, and another
end of the third switch, and another end of the coil may be
connected to another end of the fourth switch, another end of
the fifth switch, and another end of the sixth switch; and in the
first charging period, the control circuit may turn on the
second and sixth switches and turn off the first, third, fourth,
and fifth switches, in the second charging period, the control
circuit may turn on the third and sixth switches and turn off
the first, second, fourth, and fifth switches, in the third charg-
ing period, the control circuit may turn on the second and fifth
switches and turn off the first, third, fourth, and sixth
switches, and in the fourth charging period, the control circuit
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may turn on the first and fourth switches and turn off the
second, third, fifth, and sixth switches. By employing this
configuration, it is not necessary to provide a plurality of coils
and it is possible to downsize a whole configuration of the
balance charging circuit more.

Further, the plurality of switches may include a first switch
having one end connected to a contact point where the first
cell and the second cell are connected to each other, a second
switch having one end connected to an input terminal, a third
switch having one end connected to the reference voltage, a
fourth switch having one end connected to the output termi-
nal, a fifth switch having one end connected to the reference
voltage, and a sixth switch having one end connected to the
contact point where the first cell and the second cell are
connected to each other; one end of the coil may be connected
to another end of the first switch, another end of the second
switch, and another end of the third switch, and another end of
the coil may be connected to another end of the fourth switch,
another end of the fifth switch, and another end of the sixth
switch; and in the first charging period, the control circuit may
turn on the second and fifth switches and turn off the first,
third, fourth, and sixth switches, in the second charging
period, the control circuit may turn on the third and sixth
switches and turn off the first, second, fourth, and fifth
switches, in the third charging period, the control circuit may
turn on the second and fifth switches and turn off the first,
third, fourth, and sixth switches, and in the fourth charging
period, the control circuit may turn on the first and fourth
switches and turn off the second, third, fifth, and sixth
switches. By employing this configuration, it is not necessary
to provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

The plurality of switches may include a first switch having
one end connected to the output terminal, a second switch
having one end connected to an input terminal, a third switch
having one end connected to the reference voltage, a fourth
switch having one end connected to the input terminal, and a
fifth switch having one end connected to a contact point
where the first cell and the second cell are connected to each
other; one end of the coil may be connected to another end of
the first switch, another end of the second switch, and another
end of the third switch, and another end of the coil mat be
connected to another end of the fourth switch and another end
of'the fifth switch; and in the first charging period, the control
circuit may turn on the second and fifth switches and turn off
the first, third, and fourth switches, in the second charging
period, the control circuit may turn on the third and fifth
switches and turn off the first, second, and fourth switches, in
the third charging period, the control circuit may turn on the
third and fourth switches and turn off the first, second, and
fifth switches, and in the fourth charging period, the control
circuit may turn on the first and fifth switches and turn off the
second, third, and fourth switches. By employing this con-
figuration, it is not necessary to provide a plurality of coils and
it is possible to reduce the number of switches, thereby mak-
ing it possible to downsize a whole configuration of the bal-
ance charging circuit more.

The plurality of switches may include a first switch having
one end connected to the output terminal, a second switch
having one end connected to an input terminal, and a third
switch having one end connected to the reference voltage; one
end of the coil may be connected to another end of the first
switch, another end of the second switch, and another end of
the third switch, and another end of the coil may be connected
to a contact point where the first cell and the second cell are
connected to each other; and in the first charging period, the
control circuit may turn on the second switch and turn off the
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first and third switches, in the second charging period, the
control circuit may turn on the third switch and turn off the
first and second switches, in the third charging period, the
control circuit may turn on the third switch and turn off the
first and second switches, and in the fourth charging period,
the control circuit may turn on the first switch and turn oft the
second and third switches. By employing this configuration,
it is not necessary to provide a plurality of coils and it is
possible to reduce the number of switches, thereby making it
possible to downsize a whole configuration of the balance
charging circuit more.

The plurality of switches may include a first switch having
one end connected to the output terminal, a second switch
having one end connected to an input terminal, and a third
switch having one end connected to the reference voltage; the
balance charging circuit may further include a capacitor hav-
ing one end connected to the reference voltage, and a diode
having a cathode connected to a contact point where the first
cell and the second cell are connected to each other; one end
of'the coil may be connected to another end of the first switch,
another end of the second switch, and another end of the third
switch, and another end of the coil may be connected to
another end of the capacitor and an anode of the diode; and in
the first charging period, the control circuit may turn on the
second switch and turn off the first and third switches, in the
second charging period, the control circuit may turn on the
third switch and turn off the first and second switches, in the
third charging period, the control circuit may turn on the third
switch and turn off the first and second switches, and in the
fourth charging period, the control circuit may turn on the first
switch and turn off the second and third switches. By employ-
ing this configuration, it is not necessary to provide a plurality
of coils and it is possible to further reduce the number of
switches, thereby making it possible to downsize a whole
configuration of the balance charging circuit more.

Itis preferable that the control circuit sets times for turning
on the switches in the second and fourth charging periods so
that the charging current of the coil becomes zero at the end of
the second and fourth charging periods. By employing this
configuration, a time for removing a residual current of the
coil at the end of the second and fourth charging periods can
be eliminated at the beginning of the first and third charging
periods. Itis also possible to prevent power attenuation which
occurs when a refresh current to a power supply side flows
into a parasitic resistor of each element in a current path in the
first and third charging periods.

A balance charging circuit for series-connected storage
cells according to another embodiment of the present inven-
tion is a balance charging circuit for charging, in a balanced
manner, first to Nth (N is an integer of 2 or more, the same
applies hereinafter) storage cells connected in series and hav-
ing one series-connected end connected to an output terminal
and another series-connected end connected to a reference
voltage terminal, and the balancing charging circuit includes:

a coil provided in common for the first to Nth storage cells
and temporarily storing a power supplied from a power sup-
ply connected to the input terminal to charge the first to Nth
storage cells; and

a plurality of first switches for electrically connecting the
coil between the input terminal and the reference voltage; and

a plurality of second switches for electrically connecting
both ends of the coil to both ends of each of the first to Nth
storage cells to charge the each of the first to Nth storage cells.
By employing this configuration, it is not necessary to pro-
vide a plurality of coils and it is possible to downsize a whole
configuration of the balance charging circuit more.
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It is preferable that: the balance charging circuit for series-
connected storage cells further includes a control circuit for
repeatedly setting, in a random manner, each of the first to Nth
charging periods wherein a kth (1<k<N) coil charging period
in which the plurality of first switches are controlled to be
turned on and off to charge the coil with a charging current to
charge the kth storage cell, and a kth storage cell charging
period in which the plurality of second switches are con-
trolled to be turned on and off to charge the kth storage cell
with the charging current charged in the coil in the kth coil
charging period are taken as a kth charging period for charg-
ing the kth storage cell; and

in the kth coil charging period, the control circuit controls
the plurality of first switches to be turned on and off to form
apath of a charging current flowing into the reference voltage
terminal from the input terminal through the coil, and

in the kth storage cell charging period, the control circuit
controls the plurality of second switches to be turned on and
off to form a path of a charging current flowing into the kth
storage cell from the coil. By employing this configuration, it
is not necessary to provide a plurality of coils and it is possible
to downsize a whole configuration of the balance charging
circuit more.

It is preferable that: the plurality of first switches include a
first coil connection switch having one end connected to the
input terminal and another end connected to one end of the
coil, and a second coil connection switch having one end
connected to another end of the coil and another end con-
nected to the reference voltage terminal; and the plurality of
second switches include first to Nth storage cell lower side
connection switches each having one end connected to a
lower side of each of the first to Nth storage cells and another
end connected to the one end of the coil, and first to (N-1)th
storage cell upper side connection switches each having one
end connected to an upper side of each of'the first to (N-1)th
storage cells and another end connected to the one end of the
coil. By employing this configuration, it is not necessary to
provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

In the kth coil charging period, the control circuit may turn
on the first and second coil connection switches, and turn off
the first to Nth storage cell lower side connection switches
and the first to (N-1)th storage cell upper side connection
switches; and in the kth storage cell charging period, the
control circuit may turn off the first and second coil connec-
tion switches, turn on the kth storage cell lower side connec-
tion switch and the kth storage cell upper side connection
switch, and turn off the switches other than the kth storage cell
lower side connection switch among the second to Nth stor-
age cell lower side connection switches, and the switches
other than the kth storage cell upper side connection switch
among the first to (N-1)th storage cell upper side connection
switches. By employing this configuration, it is not necessary
to provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first and second coil connection switches and the first
storage cell upper side connection switch, and turn off the first
to Nth storage cell lower side connection switches and the
third to (N-1)th storage cell upper side connection switches;
in the Mth (2=M=N) coil charging period, the control circuit
may turn on the first and second coil connection switches, and
turn off the first to Nth storage cell lower side connection
switches and the third to (N-1)th storage cell upper side
connection switches; in the Mth storage cell charging period,
the control circuit may turn off the first and second coil
connection switches, turn on the Mth storage cell lower side
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connection switch and the Mth storage cell upper side con-
nection switch, and turn off the switches other than the Mth
storage cell lower side connection switch among the first to
Nth storage cell lower side connection switches, and the
switches other than the Mth storage cell upper side connec-
tion switch among the first to (N-1)th storage cell upper side
connection switches. By employing this configuration, it is
not necessary to provide a plurality of coils and it is possible
to downsize a whole configuration of the balance charging
circuit more.

In the first storage cell charging period, the control circuit
may turn on the first coil connection switch and the first
storage cell upper side connection switch, and turn off the
second coil connection switch, the first to Nth storage cell
lower side connection switches, and the second to (N-1) th
storage cell upper side connection switches; in the Mth coil
charging period, the control circuit may turn on the first and
second coil connection switches, and turn off the first to Nth
storage cell lower side connection switches and the first to
(N-1)th storage cell upper side connection switches; and in
the Mth storage cell charging period, the control circuit may
turn off the first and second coil connection switches, turn on
the Mth storage cell lower side connection switch and the Mth
storage cell upper side connection switch, and turn off the
switches other than the Mth storage cell lower side connec-
tion switch among the first to Nth storage cell lower side
connection switches, and the switches other than the Mth
storage cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches. By
employing this configuration, it is not necessary to provide a
plurality of coils and it is possible to downsize a whole con-
figuration of the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first storage cell upper side connection switch instead
of turning on the second coil connection switch. By employ-
ing this configuration, it is not necessary to provide a plurality
of'coils and it is possible to downsize a whole configuration of
the balance charging circuit more.

In the kth coil charging period, the control circuit may turn
on the first and second coil connection switches, and turn off
the first to Nth storage cell lower side connection switches
and the first to (N-1)th storage cell upper side connection
switches; in the first storage cell charging period, the control
circuit may turn on the first coil connection switch and the
first storage cell upper side connection switch, and turn off the
second coil connection switch, the first to Nth storage cell
lower side connection switches, and the switches other than
the first storage cell upper side connection switch among the
first to (N-1)th storage cell upper side connection switches;
and in the kth (k=2) storage cell charging period, the control
circuit may turn off the first and second coil connection
switches, turn on the kth storage cell lower side connection
switch and the kth storage cell upper side connection switch,
and turn off the switches other than the kth storage cell lower
side connection switch among the first to Nth storage cell
lower side connection switches, and the switches other than
the kth storage cell upper side connection switch among the
first to (N-1)th storage cell upper side connection switches.
By employing this configuration, it is not necessary to pro-
vide a plurality of coils and it is possible to downsize a whole
configuration of the balance charging circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil, a second coil
connection switch having one end connected to another end
of'the coil and another end connected to the reference voltage
terminal, a third coil connection switch having one end con-
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nected to the input terminal and another end connected to the
another end of the coil, and a fourth coil connection switch
having one end connected to the one end of the coil and
another end connected to the reference voltage terminal; and
the plurality of second switches may include a kth (k is an
even number) storage cell lower side connection switch hav-
ing one end connected to a lower side of each of the first to Nth
storage cells, and another end connected to the one end of the
coil, and a kth (k is an odd number) storage cell upper side
connection switch having one end connected to an upper side
of each of the first to (N-1)th storage cells, and another end
connected to the one end of the coil. By employing this
configuration, it is not necessary to provide a plurality of coils
and it is possible to downsize a whole configuration of the
balance charging circuit more.

In the kth (k is an odd number) coil charging period, the
control circuit may turn on the first and second coil connec-
tion switches, and turn off the first to Nth storage cell lower
side connection switches and the first to (N-1)th storage cell
upper side connection switches; in the kth (k is an even
number) coil charging period, the control circuit may turn on
the third and fourth coil connection switches, and turn off the
first to Nth storage cell lower side connection switches and
the first to (N-1)th storage cell upper side connection
switches; in the kth (k is an odd number) storage cell charging
period, the control circuit may turn on the kth storage cell
upper side connection switch and the (k+1)th storage cell
lower side connection switch, turn off the first to fourth coil
connection switches, and turn off switches other than the kth
storage cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches and
switches other than the (k+1)th storage cell lower side con-
nection switch among the first to Nth storage cell lower side
connection switches; and in the kth (k is an even number)
storage cell charging period, the control circuit may turn on
the kth storage cell lower side connection switch and the
(k=1)th storage cell upper side connection switch, turn off the
first to fourth coil connection switches, and turn off switches
other than the kth storage cell lower side connection switch
among the first to Nth storage cell lower side connection
switches and switches other than the (k-1)th storage cell
upper side connection switch among the first to (N-1)th stor-
age cell upper side connection switches. By employing this
configuration, it is not necessary to provide a plurality of coils
and it is possible to downsize a whole configuration of the
balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first storage cell upper side connection switch instead
of turning on the second coil connection switch. By employ-
ing this configuration, it is not necessary to provide a plurality
of'coils and it is possible to downsize a whole configuration of
the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first coil connection switch instead of turning on the
fourth coil connection switch. By employing this configura-
tion, it is not necessary to provide a plurality of coils and it is
possible to downsize a whole configuration of the balance
charging circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil, a third coil
connection switch having one end connected to the input
terminal and another end connected to another end of the coil,
and a fourth coil connection switch having one end connected
to the one end of the coil and another end connected to the
reference voltage terminal; and the plurality of second
switches may include third to Nth storage cell lower side
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connection switches each having one end connected to a
lower side of each of the third to Nth storage cells and another
end connected to the one end of the coil, and first to (N-1)th
storage cell upper side connection switches each having one
end connected to an upper side of each of'the first to (N-1)th
storage cells and another end connected to the one end of the
coil. By employing this configuration, it is not necessary to
provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first coil connection switch and the first storage cell
upper side connection switch; in the second to Nth coil charg-
ing periods, the control circuit may turn on the third and
fourth coil connection switches, and turn off the third to Nth
storage cell lower side connection switches and the first to
(N-1)th storage cell upper side connection switches; in the
first storage cell charging period, the control circuit may turn
on the fourth coil connection switch and the first storage cell
upper side connection switch, and turn off the third to Nth
storage cell lower side connection switches, and switches
other than the first storage cell upper side connection switch
among the first to (N-1) th storage cell upper side connection
switches; and in the kth (k=2) storage cell charging period, the
control circuit may turn off the first to third coil connection
switches, turn on the (k+1)th storage cell lower side connec-
tion switch and the kth storage cell upper side connection
switch, and turn off switches other than the (k+1)th storage
cell lower side connection switch among the first to Nth
storage cell lower side connection switches, and switches
other than the kth storage cell upper side connection switch
among the first to (N-1) th storage cell upper side connection
switches. By employing this configuration, it is not necessary
to provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil, and a fourth
coil connection switch having one end connected to the one
end of the coil and another end connected to the reference
voltage terminal; and the plurality of second switches may
include third to Nth storage cell lower side connection
switches each having one end connected to a lower side of
each of the third to Nth storage cells and another end con-
nected to the one end of the coil, and first to (N-1)th storage
cell upper side connection switches each having one end
connected to an upper side of each of the first to (N-1)th
storage cells and another end connected to the one end of the
coil. By employing this configuration, it is not necessary to
provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first coil connection switch and the first storage cell
upper side connection switch; in the second to Nth coil charg-
ing periods, the control circuit may turn on the fourth coil
connection switch and the first storage cell upper side con-
nection switch, and turn off the third to Nth storage cell lower
side connection switches and the first to (N-1)th storage cell
upper side connection switches; in the first storage cell charg-
ing period, the control circuit may turn on the fourth coil
connection switch and the first storage cell upper side con-
nection switch, and turn off the third to Nth storage cell lower
side connection switches, and switches other than the first
storage cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches; and in
the kth (k=2) storage cell charging period, the control circuit
may turn off the first to third coil connection switches, turn on
the (k+1)th storage cell lower side connection switch and the
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kth storage cell upper side connection switch, and turn off
switches other than the (k+1)th storage cell lower side con-
nection switch among the first to Nth storage cell lower side
connection switches, and switches other than the kth storage
cell upper side connection switch among the first to (N-1) th
storage cell upper side connection switches. By employing
this configuration, it is not necessary to provide a plurality of
coils and it is possible to downsize a whole configuration of
the balance charging circuit more.

In the kth (2<k=N) coil charging period, the control circuit
may turn on the fourth coil connection switch and the (k-1)th
storage cell upper side connection switch, and turn off the
third to Nth storage cell lower side connection switches, and
switches other than the (k-1)th storage cell upper side con-
nection switch among the second to Nth storage cell upper
side connection switches. By employing this configuration, it
is not necessary to provide a plurality of coils and it is possible
to downsize a whole configuration of the balance charging
circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil, and a fourth
coil connection switch having one end connected to the one
end of the coil and another end connected to the reference
voltage terminal; the plurality of second switches may
include third to Nth storage cell lower side connection
switches each having one end connected to a lower side of
each of the third to Nth storage cells and another end con-
nected to the one end of the coil, and first to (N-1) th storage
cell upper side connection switches each having one end
connected to an upper side of each of the first to (N-1) th
storage cells and another end connected to the one end of the
coil; and the balance charging circuit may further include a
diode having a cathode connected to the upper side of the first
storage cell and an anode connected to the first storage cell
upper side connection switch, and a capacitor connected
between the anode of the diode and the reference voltage. By
employing this configuration, it is not necessary to provide a
plurality of coils and it is possible to downsize a whole con-
figuration of the balance charging circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil, and a fourth
coil connection switch having one end connected to the one
end of the coil and another end connected to the reference
voltage terminal; the plurality of second switches may
include third to Nth storage cell lower side connection
switches each having one end connected to a lower side of
each of the third to Nth storage cells and another end con-
nected to the one end of the coil, and first to (N-1) th storage
cell upper side connection switches each having one end
connected to an upper side of each of the first to (N-1)th
storage cells and another end connected to the one end of the
coil; and the balance charging circuit may further include first
to (N-1) th diodes each provided for each of the first to (N-1)
th storage cells and having a cathode connected to an upper
side of a corresponding storage cell and an anode connected
to each of the first to (N-1)th storage cell upper side connec-
tion switches, and first to (N-1)th capacitors each provided
for each of the first to (N-1)th diodes and connected between
ananode of a corresponding diode and a reference voltage. By
employing this configuration, it is not necessary to provide a
plurality of coils and it is possible to downsize a whole con-
figuration of the balance charging circuit more.

In the first coil charging period, the control circuit may turn
on the first coil connection switch and the first storage cell
upper side connection switch; in the second to Nth coil charg-
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ing periods, the control circuit may turn on the fourth coil
connection switch and the first storage cell upper side con-
nection switch, and turn off the third to Nth storage cell lower
side connection switches and the first to (N-1)th storage cell
upper side connection switches; in the first storage-cell charg-
ing period, the control circuit may turn on the fourth coil
connection switch and the first storage cell upper side con-
nection switch, and turn off the third to Nth storage cell lower
side connection switches, and switches other than the first
storage cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches; and in
the kth (k=2) storage cell charging period, the control circuit
may turn off the first to third coil connection switches, turn on
the (k+1)th storage cell lower side connection switch and the
kth storage cell upper side connection switch, and turn off
switches other than the (k+1)th storage cell lower side con-
nection switch among the first to Nth storage cell lower side
connection switches, and switches other than the kth storage
cell upper side connection switch among the first to (N-1) th
storage cell upper side connection switches. By employing
this configuration, it is not necessary to provide a plurality of
coils and it is possible to downsize a whole configuration of
the balance charging circuit more.

The balance charging circuit may further include a (N+1)th
storage cell lower side connection switch having one end
connected to an upper side of the Nth storage cell and another
end connected to the one end of the coil, and in a case where
the Nth storage cell is charged, the (N+1)th storage cell lower
side connection switch may be turned on together with the
Nth upper-side connection switch. By employing this con-
figuration, it is not necessary to provide a plurality of coils and
it is possible to downsize a whole configuration of the balance
charging circuit more.

The plurality of first switches may include a first coil con-
nection switch having one end connected to the input terminal
and another end connected to one end of the coil and a second
coil connection switch having one end connected to another
end of the coil and another end connected to the reference
voltage terminal; and the plurality of second switches may
include first to Nth storage cell lower side connection
switches each having one end connected to a lower side of
each of the first to Nth storage cells and another end con-
nected to the one end of the coil, and first to Nth storage cell
upper side connection switches each having one end con-
nected to an upper side of each of the first to Nth storage cells
and another end connected to the one end of the coil. By
employing this configuration, it is not necessary to provide a
plurality of coils and it is possible to downsize a whole con-
figuration of the balance charging circuit more.

In the first to Nth coil charging periods, the control circuit
may turn on the first coil connection switch and the second
coil connection switch; and in the kth (1=k=N) storage cell
charging period, the control circuit may turn on the kth stor-
age cell lower side connection switch and the kth storage cell
upper side connection switch, and turn off switches other than
the kth storage cell lower side connection switch among the
first to Nth storage cell lower side connection switches, and
switches other than the kth storage cell upper side connection
switch among the first to Nth storage cell upper side connec-
tion switches. By employing this configuration, it is not nec-
essary to provide a plurality of coils and it is possible to
downsize a whole configuration of the balance charging cir-
cuit more.

After all operations corresponding to the kth (k is an odd
number) coil charging period and the kth (k is an odd number)
storage cell charging period are completed, the control circuit
may control the switches so that operations corresponding to
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the kth (k is an even number) coil charging period and the kth
(k is an even number) storage cell charging period are per-
formed. By employing this configuration, it is not necessary
to provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.
Further, a direction of a current flowing in the coil is changed
only once, so that efficient power consumption is attained.
The control circuit may control the switches so that an
upper side of the Pth (P is any of 1 to N) storage cell in the first
to Nth storage cells is electrically connected to an upper side
of'the Qth (Qis any of 1 to N except P) storage cell to maintain
charging voltage balance between the Pth storage cell and the
Qth storage cell. By employing this configuration, it is not
necessary to provide a plurality of coils and it is possible to
downsize a whole configuration of the balance charging cir-
cuit more. By employing this configuration, it is not necessary
to provide a plurality of coils and it is possible to downsize a
whole configuration of the balance charging circuit more.
Further, a balance charging method for series-connected
storage cells according to the present invention is a balance
charging method for series-connected storage cells in which a
power is supplied from a power supply connected to an input
terminal, and first to Nth (N is an integer of 2 or more, the
same applies hereinafter) storage cells connected in series
sequentially from a reference voltage terminal between an
output terminal and the reference voltage terminal are
charged in a balanced manner, and the balance charging
method includes: a first step of electrically connecting a coil
between the input terminal and the reference voltage terminal
and charging the coil with a charging current to charge the kth
(1=k=N) storage cell; a second step of electrically connecting
the coil to both ends of the kth storage cell and charging the
kth storage cell with the charging current charged in the coil
in the first step; and a third step of repeatedly performing the
first and second steps to charge the first to Nth storage cells
one by one. By employing this method, it is not necessary to
provide a plurality of coils and it is possible to charge series-
connected storage cells in a balanced manner by a single coil.

Advantageous Effects of the Invention

According to the present invention, a coil for charging
series-connected cells with electric charge and a coil for
maintaining voltage balance between the series-connected
cells can be combined, that is, can be realized by a single coil,
thereby yielding an effect that a whole circuit can be more
downsized.

Further, since the series-connected cells are charged while
voltage balance is maintained, it is not necessary to provide
another charging circuit separately, thereby yielding an effect
that a whole circuit can be more downsized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is acircuit diagram illustrating a first embodiment of
the present invention;

FIG. 2 is a view to explain an operation of the first embodi-
ment of the present invention;

FIG. 3 is a view to explain an operation of the first embodi-
ment of the present invention;

FIG. 4 is a view to explain an operation of the first embodi-
ment of the present invention;

FIG. 5 is a view to explain an operation of the first embodi-
ment of the present invention;

FIG. 6 is a view to explain an operation of the first embodi-
ment of the present invention;
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FIG. 7 is a view illustrating controlled contents of a control
circuit according to the first embodiment ofthe present inven-
tion;

FIG. 8 is a view illustrating controlled contents of a control
circuit according to the first embodiment ofthe present inven-
tion;

FIG. 9 is a circuit diagram illustrating a second embodi-
ment of the present invention;

FIG. 10 is a view to explain an operation of the second
embodiment of the present invention;

FIG. 11 is a view to explain an operation of the second
embodiment of the present invention;

FIG. 12 is a view to explain an operation of the second
embodiment of the present invention;

FIG. 13 is a view to explain an operation of the second
embodiment of the present invention;

FIG. 14 is a view illustrating controlled contents of a con-
trol circuit according to the second embodiment of the present
invention;

FIG. 15 is acircuit diagram illustrating a third embodiment
of the present invention;

FIG. 16 is a view to explain an operation of the third
embodiment of the present invention;

FIG. 17 is a view to explain an operation of the third
embodiment of the present invention;

FIG. 18 is a view to explain an operation of the third
embodiment of the present invention;

FIG. 19 is a view to explain an operation of the third
embodiment of the present invention;

FIG. 20 is a view illustrating controlled contents of a con-
trol circuit according to the third embodiment of the present
invention;

FIG. 21 is a circuit diagram illustrating a fourth embodi-
ment of the present invention;

FIG. 22 is a view to explain an operation of the fourth
embodiment of the present invention;

FIG. 23 is a view to explain an operation of the fourth
embodiment of the present invention;

FIG. 24 is a view to explain an operation of the fourth
embodiment of the present invention;

FIG. 25 is a view to explain an operation of the fourth
embodiment of the present invention;

FIG. 26 is a view illustrating controlled contents of a con-
trol circuit according to the fourth embodiment of the present
invention;

FIG. 27 is a circuit diagram illustrating a fifth embodiment
of the present invention;

FIG. 28 is a view to explain an operation of the fifth
embodiment of the present invention;

FIG. 29 is a view to explain an operation of the fifth
embodiment of the present invention;

FIG. 30 is a view to explain an operation of the fifth
embodiment of the present invention;

FIG. 31 is a view to explain an operation of the fifth
embodiment of the present invention;

FIG. 32 is a view illustrating controlled contents of a con-
trol circuit according to the fifth embodiment of the present
invention;

FIG. 33 is a circuit diagram illustrating a sixth embodiment
of the present invention;

FIG. 34 is a view to explain an operation of the sixth
embodiment of the present invention;

FIG. 35 is a view to explain an operation of the sixth
embodiment of the present invention;

FIG. 36 is a view to explain an operation of the sixth
embodiment of the present invention;
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FIG. 37 is a view to explain an operation of the sixth
embodiment of the present invention;

FIG. 38 is a view illustrating controlled contents of a con-
trol circuit according to the sixth embodiment of the present
invention;

FIG. 39 is a circuit diagram illustrating a seventh embodi-
ment of the present invention;

FIG. 40 is a view to explain an operation of the seventh
embodiment of the present invention;

FIG. 41 is a view to explain an operation of the seventh
embodiment of the present invention;

FIG. 42 is a view to explain an operation of the seventh
embodiment of the present invention;

FIG. 43 is a view to explain an operation of the seventh
embodiment of the present invention;

FIG. 44 is a view to explain an operation of the seventh
embodiment of the present invention;

FIG. 45 is a view illustrating controlled contents of a con-
trol circuit according to the seventh embodiment of the
present invention;

FIG. 46 is a circuit diagram illustrating an eighth embodi-
ment of the present invention;

FIG. 47 is a view to explain an operation of the eighth
embodiment of the present invention;

FIG. 48 is a view to explain an operation of the eighth
embodiment of the present invention;

FIG. 49 is a view to explain an operation of the eighth
embodiment of the present invention;

FIG. 50 is a view to explain an operation of the eighth
embodiment of the present invention;

FIG. 51 is a view illustrating controlled contents of a con-
trol circuit according to the eighth embodiment of the present
invention;

FIG. 52 is acircuit diagram illustrating a ninth embodiment
of the present invention;

FIG. 53 is a view to explain an operation of the
embodiment of the present invention;

FIG. 54 is a view to explain an operation of the
embodiment of the present invention;

FIG. 55 is a view to explain an operation of the
embodiment of the present invention;

FIG. 56 is a view to explain an operation of the
embodiment of the present invention;

FIG. 57 is a view to explain an operation of the
embodiment of the present invention;

FIG. 58 is a view to explain an operation of the
embodiment of the present invention;

FIG. 59 is a view illustrating controlled contents of a con-
trol circuit according to the ninth embodiment of the present
invention;

FIG. 60 is a view illustrating controlled contents of a con-
trol circuit according to a modification of the ninth embodi-
ment of the present invention;

FIG. 61 is a view illustrating controlled contents of a con-
trol circuit according to the modification of the ninth embodi-
ment of the present invention;

FIG. 62 is a view illustrating controlled contents of a con-
trol circuit according to the modification of the ninth embodi-
ment of the present invention;

FIG. 63 is a circuit diagram illustrating a tenth embodiment
of the present invention;

FIG. 64 is a view to explain an operation of the tenth
embodiment of the present invention;

FIG. 65 is a view to explain an operation of the tenth
embodiment of the present invention;

FIG. 66 is a view to explain an operation of the tenth
embodiment of the present invention;
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FIG. 67 is a view to explain an operation of the tenth
embodiment of the present invention;

FIG. 68 is a view to explain an operation of the tenth
embodiment of the present invention;

FIG. 69 is a view illustrating controlled contents of a con-
trol circuit according to the tenth embodiment of the present
invention;

FIG. 70 is a circuit diagram illustrating an eleventh
embodiment of the present invention;

FIG. 71 is a view to explain an operation of the eleventh
embodiment of the present invention;

FIG. 72 is a view to explain an operation of the eleventh
embodiment of the present invention;

FIG. 73 is a view to explain an operation of the eleventh
embodiment of the present invention;

FIG. 74 is a view to explain an operation of the eleventh
embodiment of the present invention;

FIG. 75 is a view to explain an operation of the eleventh
embodiment of the present invention;

FIG. 76 is a view illustrating controlled contents of a con-
trol circuit according to the eleventh embodiment of the
present invention;

FIG. 77 is a circuit diagram illustrating a twelfth embodi-
ment of the present invention;

FIG. 78 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 79 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 80 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 81 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 82 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 83 is a view to explain an operation of the twelfth
embodiment of the present invention;

FIG. 84 is a view illustrating controlled contents of a con-
trol circuit according to the twelfth embodiment of the
present invention;

FIG. 85 is a circuit diagram illustrating a thirteenth
embodiment of the present invention;

FIG. 86 is a view to explain an operation of the thirteenth
embodiment of the present invention;

FIG. 87 is a view to explain an operation of the thirteenth
embodiment of the present invention;

FIG. 88 is a view to explain an operation of the thirteenth
embodiment of the present invention;

FIG. 89 is a view to explain an operation of the thirteenth
embodiment of the present invention;

FIG. 90 is a view to explain an operation of the thirteenth
embodiment of the present invention;

FIG. 91 is a view illustrating controlled contents of a con-
trol circuit according to the thirteenth embodiment of the
present invention;

FIG. 92 is a circuit diagram illustrating a fourteenth
embodiment of the present invention;

FIG. 93 is a view to explain an operation of the fourteenth
embodiment of the present invention;

FIG. 94 is a view to explain an operation of the fourteenth
embodiment of the present invention;

FIG. 95 is a view to explain an operation of the fourteenth
embodiment of the present invention;

FIG. 96 is a view to explain an operation of the fourteenth
embodiment of the present invention;

FIG. 97 is a view to explain an operation of the fourteenth
embodiment of the present invention;
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FIG. 98 is a view to explain an operation of the fourteenth
embodiment of the present invention;

FIG. 99 is a view illustrating controlled contents of a con-
trol circuit according to the fourteenth embodiment of the
present invention;

FIG. 100 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 101 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 102 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 103 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 104 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 105 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 106 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 107 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 108 is a view illustrating an example of a cell balanc-
ing control at the time of discharge;

FIG. 109 is a circuit diagram illustrating a conventional
balance charging circuit for series-connected cells;

FIG. 110 is a view to explain an operation of the conven-
tional balance charging circuit for series-connected cells;

FIG. 111 is a view to explain an operation of the conven-
tional balance charging circuit for series-connected cells;

FIG. 112 is a view to explain an operation of the conven-
tional balance charging circuit for series-connected cells; and

FIG. 113 is a view to explain an operation of the conven-
tional balance charging circuit for series-connected cells.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below with reference to drawings. Note that, in each figure to
be referred to in the following description, an equivalent part
in other figures is indicated by the same reference sign and an
explanation about the equivalent part is omitted appropri-
ately.

(Configuration of Balance Charging Circuit According to
First Embodiment)

Firstly explained is a configuration of a balance charging
circuit for series-connected cells according to a first embodi-
ment of the present invention. FIG. 1 is a circuit diagram
illustrating the first embodiment of the present invention.

The balance charging circuit for series-connected cells
according to the first embodiment of the present invention
includes a coil (an inductor) L1, switches S1 to S6, a control
circuit Control 1, a cell Celll, and a cell Cell2. The cell Celll
and the cell Cell2 are connected in series and have one series-
connected end connected to an output terminal 102 and
another series-connected end connected to a reference volt-
age terminal. One end of the switch S1 is connected to a
contact point between the cell Celll and the cell Cell2, one
end of the switch S2 is connected to an input terminal 101, one
end of the switch S3 is connected to a reference voltage
terminal, one end of the switch S4 is connected to the output
terminal 102, one end of the switch S5 is connected to the
reference voltage terminal, and one end of the switch S6 is
connected to the contact point between the cell Celll and the
cell Cell2. Further, one end of the coil L1 is connected to
another ends of the switches S1 to S3 and another end thereof
is connected to another ends of the switches S4 to S6. Further,
the control circuit Control 1 is connected to control terminals
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of the switches S1 to S6 so as to control on and off. The
control circuit Control 1 can be realized by, for example, a
sequential circuit using a well-known gate circuit or a PWM
signal generation circuit for generating a PWM signal having
apulse width according to a current and a voltage of each cell.

Here, the switches S1 to S6 can be realized by a semicon-
ductor element such as an N-channel MOS transistor, a
P-channel MOS transistor, an NPN bipolar transistor, or a
PNP bipolar transistor.

In a case where the N-channel MOS ftransistor or the
P-channel MOS transistor is employed as a switch, one end of
the switch serves as either of a source and a drain, and another
end thereof serves as the other one of the source and the drain.
Further, the control terminal serves as a gate.

In a case where the NPN bipolar transistor or the PNP
bipolar transistor is employed as a switch, one end of the
switch serves as either of an emitter and a collector, and
another end thereof serves as the other one of the emitter and
the collector. Further, the control terminal serves as a base.

In a case where the N-channel MOS transistor or the NPN
bipolar transistor is employed as a switch, when a high volt-
age is applied to the control terminal, the switch is turned on,
and when a low voltage is applied to the control terminal, the
switch is turned off.

In a case where the P-channel MOS transistor or the PNP
bipolar transistor is employed as a switch, when a low voltage
is applied to the control terminal, the switch is turned on, and
when a high voltage is applied to the control terminal, the
switch is turned off.

The control circuit Control 1 receives an output voltage
Vout, a contact-point voltage Vmid between the cell Celll and
the cell Cell2, and a reference voltage Vcom to find both ends
voltages of the cell Celll and the cell Cell2. Further, the
control circuit Control 1 monitors charging currents respec-
tively flowing in the cell Celll and the cell Cell2 by current
monitoring circuits M1 and M2, and receives current values
thus monitored. Then, the control circuit Control 1 controls
on and off times of the switches S1 to S6 based on the both
ends voltages thus found and the current values thus moni-
tored so that the cell Celll and the cell Cell2 are charged in a
balanced manner.

The current monitoring circuits M1 and M2 can be realized
by a current sensor using a sense resistor or a current mirror
circuit.

(Operation of Balance Charging Circuit According to First
Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the first embodiment of
the present invention will be explained. FIGS. 2 to 6 are views
to explain operations of the first embodiment of the present
invention.

In the balance charging circuit for series-connected cells
according to the first embodiment of the present invention, in
order to charge series-connected cells and maintain voltage
balance between the series-connected cells, first to fourth
charging periods are set by the control circuit Control 1.

Firstly, in the first charging period, the control circuit Con-
trol 1 turns on the switch S2 and the switch S6. Next, an input
voltage Vin is input from the input terminal 101, so that a
charging current to charge the cell Cell2 with electric charge
is stored in the coil L1. A path of the charging current is
indicated by a dotted arrow of FIG. 2.

Itis to be noted that, in the first charging period, the control
circuit Control 1 may be configured to turn on the switch S2
and the switch S5, as illustrated in FIG. 3. Then, an input
voltage Vin is input from the input terminal 101, so that a
charging current to charge the cell Cell2 with electric charge
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is stored in the coil L1. A path of the charging current is
indicated by a dotted arrow of FIG. 3.

Subsequently, in the second charging period, the control
circuit Control 1 turns off the switch S2, and turns on the
switch S3 and the switch S6. Then, the cell Cell2 is charged
with the charging current charged in the coil L1. A path of the
charging current is indicated by a dotted arrow of FIG. 4.

It is to be noted that, in a case where the control circuit
Control 1is configured to turn on the switch S2 and the switch
S5 as illustrated in FIG. 3 in the first charging period, the
control circuit Control 1 turns off the switch S2 and the switch
S5 in the second charging period.

After that, in the third charging period, the control circuit
Control 1 turns off the switch S3 and the switch S6, and turns
on the switch S2 and the switch S5. Then, a charging current
to charge the cell Celll with electric charge is stored in the
coil L1. A path of the charging current is indicated by a dotted
arrow of FIG. 5.

Further, in the fourth charging period, the control circuit
Control 1 turns off the switch S2 and the switch S5, and turns
on the switch S1 and the switch S4. Then, the cell Celll is
charged with the charging current charged in the coil L1. A
path of the charging current is illustrated in FIG. 6.

Here, controlled contents by the control circuit Control 1
are explained with reference to FIG. 7. FIG. 7 illustrates
which switch, among the switches S1 to S6 in FIG. 1, the
control circuit Control 1 turns on in each of the first to fourth
charging periods T1 to T4. That is, among the switches S1 to
S6, a switch corresponding to a column indicative of “ON” in
the figure is turned into an ON state by the control circuit
Control 1, and the other switches are turned into an off state.

As illustrated in FIG. 7, the switches S1 and S6 are turned
on in the first charging period T1 as described above. Then,
the switches S3 and S6 are turned on in the second charging
period T2. Further, the switches S2 and S5 are turned on in the
third charging period T3. Furthermore, the switches S1 and
S4 are turned on in the fourth charging period T4.

The control circuit Control 1 repeatedly controls the
switches S1 to S6 to turn on as shown in the first to fourth
charging periods T1 to T4 described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

In the meantime, as has been explained with reference to
FIG. 3, in a case where the switch S2 and the switch S5 are
turned on in the first charging period, controlled contents by
the control circuit Control 1 are those illustrated in FIG. 8.
That is, among the switches S1 to S6, a switch corresponding
to a column indicative of “ON” in the figure is turned into an
ON state by the control circuit Control 1, and the other
switches are turned into an off state.

In FIG. 8, the switches S2 and S5 are turned on in the first
charging period T1 as described above. Then, the switches S3
and S6 are turned on in the second charging period T2. Fur-
ther, the switches S2 and S5 are turned on in the third charging
period T3. Furthermore, the switches S1 and S4 are turned on
in the fourth charging period T4.

As described above, in the balance charging circuit for
series-connected cells according to the first embodiment of
the present invention, a single coil for temporarily storing a
power supplied from a power source is provided in common
for the cell Celll and the cell Cell2 so as to charge the cell
Celll and the cell Cell2. In the first charging period and the
second charging period, the cell Cell2 is charged, and in the
third and fourth charging period, the cell Celll is charged.
That is, the cell Celll and cell Cell2 can be charged indepen-
dently, and therefore, by setting times for turning on the
switches in the first to fourth charging periods according to a
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variation between a capacitance value of the cell Celll and a
capacitance value of the cell Cell2, the series-connected cells
can be charged with electric charge and voltage balance
between the series-connected cells can be maintained.

For example, in a case where the capacitance value of the
cell Celll is larger than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set longer than times for turning on
the switches in the third and fourth charging periods. On the
other hand, in a case where the capacitance value of the cell
Celll is smaller than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set shorter than times for turning on
the switches in the third and fourth charging periods. By
repeatedly setting the first to fourth charging periods in turn
by the control circuit Control 1, the series-connected cells are
charged with electric charge, voltage balance between the
series-connected cells is maintained, and an output voltage
Vout can be obtained from the output terminal 502.

According to the above configuration and operations, in the
balance charging circuit for series-connected cells according
to the first embodiment of the present invention, a coil for
charging series-connected cells with electric charge and a coil
for maintaining voltage balance between the series-con-
nected cells can be combined, that is, can be realized by a
single coil, thereby yielding an effect that a whole circuit is
small in size.

Further, each cell in the series-connected cells is not dis-
charged in any of the first to fourth charging periods, thereby
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.

(Configuration of Balance Charging Circuit According to
Second Embodiment)

Next, a configuration of a balance charging circuit for
series-connected cells according to a second embodiment of
the present invention will be explained. FIG. 9 is a circuit
diagram illustrating the second embodiment of the present
invention.

The balance charging circuit for series-connected cells
according to the second embodiment of the present invention
includes a coil L1, switches S1 to S5, a control circuit Control
2, acell Celll, and a cell Cell2, and the cell Celll and the cell
Cell2 are connected in series and have one series-connected
end connected to an output terminal 202 and another series-
connected end connected to a reference voltage terminal. One
end of the switch S1 is connected to the output terminal 202,
one end of the switch S2 is connected to an input terminal 201,
one end of the switch S3 is connected to the reference voltage
terminal, one end of the switch S4 is connected to the input
terminal 201, and one end of the switch S5 is connected to a
contact point between the cell Celll and the cell Cell2. Fur-
ther, one end of the coil L1 is connected to another ends of the
switches S1 to S3 and another end thereof is connected to
another ends of the switches S4 to S5. Further, the control
circuit Control 2 is connected to control terminals of the
switches S1 to S5 so as to control on and off. The control
circuit Control 2 can be realized by, for example, a sequential
circuit using a well-known gate circuit or a PWM signal
generation circuit for generating a PWM signal having a pulse
width according to a current and a voltage of each cell.

Similarly to the balance charging circuit for series-con-
nected cells according to the first embodiment of the present
invention, the switches S1 to S5 can be realized by a semi-
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conductor element such as an N-channel MOS transistor, a
P-channel MOS transistor, an NPN bipolar transistor, or a
PNP bipolar transistor.

In a case where the N-channel MOS transistor or the
P-channel MOS transistor is employed as a switch, one end of
the switch serves as either ofa source and a drain, and another
end thereof serves as the other one of the source and the drain.
Further, the control terminal serves as a gate.

In a case where the NPN bipolar transistor or the PNP
bipolar transistor is employed as a switch, one end of the
switch serves as either of an emitter and a collector, and
another end thereof serves as the other one of the emitter and
the collector. Further, the control terminal serves as a base.

In a case where the N-channel MOS transistor or the NPN
bipolar transistor is employed as a switch, when a high volt-
age is applied to the control terminal, the switch is turned on,
and when a low voltage is applied to the control terminal, the
switch is turned off.

In a case where the P-channel MOS transistor or the PNP
bipolar transistor is employed as a switch, when a low voltage
is applied to the control terminal, the switch is turned on, and
when a high voltage is applied to the control terminal, the
switch is turned off.

The control circuit Control 2 receives an output voltage
Vout, a contact-point voltage Vmid between the cell Celll and
the cell Cell2, and a reference voltage Vcom to find both ends
voltages of the cell Celll and the cell Cell2. Further, the
control circuit Control 2 monitors charging currents respec-
tively flowing in the cell Celll and the cell Cell2 by current
monitoring circuits M1 and M2, and receives current values
thus monitored. Then, the control circuit Control 2 controls
on and off times of the switches S1 to S5 based on the both
ends voltages thus found and the current values thus moni-
tored so that the cell Celll and the cell Cell2 are charged in a
balanced manner.

The current monitoring circuits M1 and M2 can be realized
by a current sensor using a sense resistor or a current mirror
circuit.

(Operation of Balance Charging Circuit According to Sec-
ond Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the second embodiment
of'the present invention will be explained. FIGS. 10 to 13 are
views to explain operations of the second embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the second embodiment of the present invention,
in order to charge series-connected cells and maintain voltage
balance between the series-connected cells, first to fourth
charging periods are set by the control circuit Control 2.

Firstly, in the first charging period, the control circuit Con-
trol 2 turns on the switch S2 and the switch S5. Then, an input
voltage Vin is input from the input terminal 201, so that a
charging current to charge the cell Cell2 with electric charge
is stored in the coil L1. A path of the charging current is
indicated by a dotted arrow in FIG. 10.

Subsequently, in the second charging period, the control
circuit Control 2 turns off the switch S2, and turns on the
switch S3 and the switch S5. Then, the cell Cell2 is charged
with the charging current stored in the coil L1. A path of the
charging current is indicated by a dotted arrow in FIG. 11.

After that, in the third charging period, the control circuit
Control 2 turns off the switch S3 and the switch S5, and turns
on the switch S3 and the switch S4. Then, a charging current
to charge the cell Celll with electric charge is stored in the
coil L1. A path of the charging current is indicated by a dotted
arrow in FIG. 12.
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Further, in the fourth charging period, the control circuit
Control 2 turns off the switch S3 and the switch S4, and turns
on the switch S1 and the switch S5. Then, the cell Celll is
charged with the charging current charged in the coil L1. A
path of the charging current is illustrated in FIG. 13.

Here, controlled contents by the control circuit Control 2
are explained with reference to FIG. 14. This figure illustrates
which switch, among the switches S1 to S5 in FIG. 9, the
control circuit Control 2 turns on in each of the first to fourth
charging periods T1 to T4. That is, among the switches S1 to
S5, a switch corresponding to a column indicative of “ON” in
the figure is turned into an ON state by the control circuit
Control 2, and the other switches are turned into an off state.

Now, referring to FIG. 14, the switches S1 and S5 are
turned on in the first charging period T1 as described above.
Then, the switches S3 and S5 are turned on in the second
charging period T2. Further, the switches S3 and S4 are
turned on in the third charging period T3. Furthermore, the
switches S1 and S5 are turned on in the fourth charging period
T4.

The control circuit Control 2 repeatedly controls the
switches S1 to S5 to turn on as shown in the first to fourth
charging periods T1 to T4 described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

As described above, in the balance charging circuit for
series-connected cells according to the second embodiment
of the present invention, a single coil for temporarily storing
apower supplied from a power source is provided in common
for the cell Celll and the cell Cell2 so as to charge the cell
Celll and the cell Cell2. In the first charging period and the
second charging period, the cell Cell2 is charged, and in the
third and fourth charging period, the cell Celll is charged.
That is, the cell Celll and cell Cell2 can be charged indepen-
dently, and therefore, by setting times for turning on the
switches in the first to fourth charging periods according to a
variation between a capacitance value of the cell Celll and a
capacitance value of the cell Cell2, the series-connected cells
can be charged with electric charge and voltage balance
between the series-connected cells can be maintained.

For example, in a case where the capacitance value of the
cell Celll is larger than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set longer than times for turning on
the switches in the third and fourth charging periods. On the
other hand, in a case where the capacitance value of the cell
Celll is smaller than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set shorter than times for turning on
the switches in the third and fourth charging periods. By
setting the first to fourth charging periods repeatedly in turn
by the control circuit Control 2, the series-connected cells are
charged with electric charge, voltage balance between the
series-connected cells is maintained, and an output voltage
Vout can be obtained from the output terminal 202. Further, if
times for turning on the switches in the second and fourth
charging periods are set so that a charging current of the coil
L1 becomes zero at the end of the second and fourth charging
periods, a time for removing a residual current of the coil L1
at the end of the second and fourth charging periods can be
eliminated at the beginning of the first and third charging
periods. Itis also possible to prevent power attenuation which
occurs when a refresh current to a power supply side flows
into a parasitic resistor of each element in a current path in the
first and third charging periods.

According to the above configuration and operations, in the
balance charging circuit for series-connected cells according
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to the second embodiment of the present invention, a coil for
charging series-connected cells with electric charge and acoil
for maintaining voltage balance between the series-con-
nected cells can be combined, that is, can be realized by a
single coil, thereby yielding an effect that a whole circuit is
small in size.

Further, the number of switches is one fewer than that ofthe
balance charging circuit for series-connected cells according
to the first embodiment of the present invention, thereby
yielding an effect that the whole circuit can be further down-
sized.

Further, each cell in the series-connected cells is not dis-
charged in any of the first to fourth charging periods, thereby
also yielding an effect that the series-connected cells which
have a limitation in terms of the number of charging times can
be charged with electric charge, and voltage balance between
the series-connected cells can be maintained.

(Configuration of Balance Charging Circuit According to
Third Embodiment)

Next, a configuration of a balance charging circuit for
series-connected cells according to a third embodiment of the
present invention will be explained. FIG. 15 is a circuit dia-
gram illustrating the third embodiment of the present inven-
tion.

The balance charging circuit for series-connected cells
according to the third embodiment of the present invention
includes a coil L1, switches S1 to S3, a control circuit Control
3, acell Celll, and a cell Cell2, and the cell Celll and the cell
Cell2 are connected in series and have one series-connected
end connected to an output terminal 302 and another series-
connected end connected to a reference voltage terminal. One
end of the switch S1 is connected to the output terminal 302,
one end of the switch S2 is connected to an input terminal 301,
and one end of the switch S3 is connected to the reference
voltage terminal. Further, one end of the coil L1 is connected
to another ends of the switches S1 to S3 and another end
thereof is connected to a contact point between the cell Celll
and the cell Cell2. Further, the control circuit Control 3 is
connected to control terminals of the switches S1 to S3 so as
to control on and off. The control circuit Control 3 can be
realized by, for example, a sequential circuit using a well-
known gate circuit or a PWM signal generation circuit for
generating a PWM signal having a pulse width according to a
current and a voltage of each cell.

Similarly to the balance charging circuit for series-con-
nected cells according to the first embodiment of the present
invention, the switches S1 to S3 can be realized by a semi-
conductor element such as an N-channel MOS transistor, a
P-channel MOS transistor, an NPN bipolar transistor, or a
PNP bipolar transistor.

In a case where the N-channel MOS transistor or the
P-channel MOS transistor is employed as a switch, one end of
the switch serves as either ofa source and a drain, and another
end thereof serves as the other one of the source and the drain.
Further, the control terminal serves as a gate.

In a case where the NPN bipolar transistor or the PNP
bipolar transistor is employed as a switch, one end of the
switch serves as either of an emitter and a collector, and
another end thereof serves as the other one of the emitter and
the collector. Further, the control terminal serves as a base.

In a case where the N-channel MOS transistor or the NPN
bipolar transistor is employed as a switch, when a high volt-
age is applied to the control terminal, the switch is turned on,
and when a low voltage is applied to the control terminal, the
switch is turned off.

In a case where the P-channel MOS transistor or the PNP
bipolar transistor is employed as a switch, when a low voltage
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is applied to the control terminal, the switch is turned on, and
when a high voltage is applied to the control terminal, the
switch is turned off.

The control circuit Control 3 receives an output voltage
Vout, a contact-point voltage Vmid between the cell Celll and
the cell Cell2, and a reference voltage Vcom to find both ends
voltages of the cell Celll and the cell Cell2. Further, the
control circuit Control 3 monitors charging currents respec-
tively flowing in the cell Celll and the cell Cell2 by current
monitoring circuits M1 and M2, and receives current values
thus monitored. Then, the control circuit Control 3 controls
on and off times of the switches S1 to S3 based on the both
ends voltages thus found and the current values thus moni-
tored so that the cell Celll and the cell Cell2 are charged in a
balanced manner.

The current monitoring circuits M1 and M2 can be realized
by a current sensor using a sense resistor or a current mirror
circuit.

(Operation of Balance Charging Circuit According to
Third Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the third embodiment of
the present invention will be explained. FIGS. 16 to 19 are
views to explain operations of the third embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the third embodiment of the present invention, in
order to charge series-connected cells and maintain voltage
balance between the series-connected cells, first to fourth
charging periods are set by the control circuit Control 3.

Firstly, in the first charging period, the control circuit Con-
trol 3 turns on the switch S2. Then, an input voltage Vin is
input from the input terminal 301, so that a charging current
to charge the cell Cell2 with electric charge is stored in the
coil L1. A path of the charging current is indicated by a dotted
arrow in FIG. 16.

Subsequently, in the second charging period, the control
circuit Control 3 turns off the switch S2 and turns on the
switch S3. Then, the cell Cell2 is charged with the charging
current charged in the coil L1. A path of the charging current
is indicated by a dotted arrow in FIG. 17.

After that, in the third charging period, the control circuit
Control 3 turns on the switch S3. Then, a charging current to
charge the cell Celll with electric charge is stored in the coil
L1 from the cell Cell2. A path of the charging current is
indicated by a dotted arrow in FIG. 18.

Further, in the fourth charging period, the control circuit
Control 3 turns off the switch S3 and turns on the switch S1.
Then, the cell Celll is charged with the charging current
stored in the coil L1. A path of the charging current is illus-
trated in FIG. 19.

Here, controlled contents by the control circuit Control 3
are explained with reference to FIG. 20. This figure illustrates
which switch, among the switches S1 to S3 in FIG. 15, the
control circuit Control 3 turns on in each of the first to fourth
charging periods T1 to T4. That is, among the switches S1 to
S3, a switch corresponding to a column indicative of “ON” in
the figure is turned into an ON state by the control circuit
Control 3, and the other switches are turned into an off state.

As illustrated in FIG. 20, the switch S2 is turned on in the
first charging period T1 as described above. Then, the switch
S3 is turned on in the second charging period T2. Further, the
switch S3 is turned on in the third charging period T3. Fur-
thermore, the switch S1 is turned on in the fourth charging
period T4.

The control circuit Control 3 repeatedly controls the
switches S1 to S3 to turn on as shown in the first to fourth
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charging periods T1 to T4 described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

As described above, in the balance charging circuit for
series-connected cells according to the third embodiment of
the present invention, a single coil for temporarily storing a
power supplied from a power source is provided in common
for the cell Celll and the cell Cell2 so as to charge the cell
Celll and the cell Cell2. In the first charging period and the
second charging period, the cell Cell2 is charged, and in the
third and fourth charging period, the cell Celll is charged.
That is, the cell Celll and cell Cell2 can be charged indepen-
dently, and therefore, by setting times for turning on the
switches in the first to fourth charging periods according to a
variation between a capacitance value of the cell Celll and a
capacitance value of the cell Cell2, the series-connected cells
can be charged with electric charge and voltage balance
between the series-connected cells can be maintained.

For example, in a case where the capacitance value of the
cell Celll is larger than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set longer than times for turning on
the switches in the third and fourth charging periods. On the
other hand, in a case where the capacitance value of the cell
Celll is smaller than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set shorter than times for turning on
the switches in the third and fourth charging periods. By
setting the first to fourth charging periods repeatedly in turn
by the control circuit Control 3, the series-connected cells can
be charged with electric charge, voltage balance between the
series-connected cells can be maintained, and an output volt-
age Vout can be obtained from the output terminal 302. Fur-
ther, if times for turning on the switches in the second and
fourth charging periods are set so that a charging current of
the coil L1 becomes zero at the end of the second and fourth
charging periods, a time for removing a residual current of the
coil L1 at the end of the second and fourth charging periods
can be eliminated at the beginning of the first and third charg-
ing periods. It is also possible to prevent power attenuation
which occurs when a refresh current to a power supply side
flows into a parasitic resistor of each element in a current path
of the first and third charging periods.

According to the above configuration and operations, in the
balance charging circuit for series-connected cells according
to the third embodiment of the present invention, a coil for
charging series-connected cells with electric charge and acoil
for maintaining voltage balance between the series-con-
nected cells can be combined, that is, can be realized by a
single coil, thereby yielding an effect that a whole circuit is
small in size.

Further, the number of switches is two fewer than that of
the balance charging circuit for series-connected cells
according to the second embodiment of the present invention,
thereby yielding an effect that the whole circuit can be further
downsized.

(Configuration of Balance Charging Circuit According to
Fourth Embodiment)

Next, a configuration of a balance charging circuit for
series-connected cells according to a fourth embodiment of
the present invention will be explained. FIG. 21 is a circuit
diagram illustrating the fourth embodiment of the present
invention.

The balance charging circuit for series-connected cells
according to the fourth embodiment of the present invention
includes a coil L1, switches S1 to S3, a control circuit Control
4, a capacitor C1, a diode D1, a cell Celll, and a cell Cell2,
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and the cell Celll and the cell Cell2 are connected in series
and have one series-connected end connected to an output
terminal 402 and another series-connected end connected to a
reference voltage terminal. One end of the switch S1 is con-
nected to the output terminal 402, one end of the switch S2 is
connected to an input terminal 401, and one end of the switch
S3is connected to the reference voltage terminal. Further, one
end of the capacitor C1 is connected to the reference voltage
terminal and a cathode of the diode D1 is connected to a
contact point between the cell Celll and the cell Cell2. One
end of the coil L1 is connected to another ends of the switches
S1 to S3 and another end thereof is connected to another end
of'the capacitor C1 and an anode of the diode D1. Further, the
control circuit Control 4 is connected to control terminals of
the switches S1 to S3 so as to control on and off. The control
circuit Control 4 can be realized by, for example, a sequential
circuit using a well-known gate circuit or a PWM signal
generation circuit for generating a PWM signal having a pulse
width according to a current and a voltage of each cell.

Similarly to the balance charging circuit for series-con-
nected cells according to the first embodiment of the present
invention, the switches S1 to S3 can be realized by a semi-
conductor element such as an N-channel MOS transistor, a
P-channel MOS transistor, an NPN bipolar transistor, or a
PNP bipolar transistor.

In a case where the N-channel MOS ftransistor or the
P-channel MOS transistor is employed as a switch, one end of
the switch serves as either of a source and a drain, and another
end thereof serves as the other one of the source and the drain.
Further, the control terminal serves as a gate.

In a case where the NPN bipolar transistor or the PNP
bipolar transistor is employed as a switch, one end of the
switch serves as either of an emitter and a collector, and
another end thereof serves as the other one of the emitter and
the collector. Further, the control terminal serves as a base.

In a case where the N-channel MOS transistor or the NPN
bipolar transistor is employed as a switch, when a high volt-
age is applied to the control terminal, the switch is turned on,
and when a low voltage is applied to the control terminal, the
switch is turned off.

In a case where the P-channel MOS transistor or the PNP
bipolar transistor is employed as a switch, when a low voltage
is applied to the control terminal, the switch is turned on, and
when a high voltage is applied to the control terminal, the
switch is turned off.

The control circuit Control 4 receives an output voltage
Vout, a contact-point voltage Vmid between the cell Celll and
the cell Cell2, and a reference voltage Vcom to find both ends
voltages of the cell Celll and the cell Cell2. Further, the
control circuit Control 4 monitors charging currents respec-
tively flowing in the cell Celll and the cell Cell2 by current
monitoring circuits M1 and M2, and receives current values
thus monitored. Then, the control circuit Control 4 controls
on and off times of the switches S1 to S3 based on the both
ends voltages thus found and the current values thus moni-
tored so that the cell Celll and the cell Cell2 are charged in a
balanced manner.

The current monitoring circuits M1 and M2 can be realized
by a current sensor using a sense resistor or a current mirror
circuit.

Further, the diode D1 can be realized by a PN junction
diode, a Schottky barrier diode, or the like.

(Operation of Balance Charging Circuit According to
Fourth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the fourth embodiment of
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the present invention will be explained. FIGS. 22 to 25 are
views to explain operations of the fourth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the fourth embodiment of the present invention,
in order to charge series-connected cells and maintain voltage
balance between the series-connected cells, first to fourth
charging periods are set by the control circuit Control 4.

Firstly, in the first charging period, the control circuit Con-
trol 4 turns on the switch S2. Then, an input voltage Vin is
input from the input terminal 401, so that a charging current
to charge the capacitor C1 and the cell Cell2 with electric
charge is stored in the coil L1. A path of the charging current
is indicated by a dotted arrow in FI1G. 22. Subsequently, in the
second charging period, the control circuit Control 4 turns off
the switch S2 and turns on the switch S3. Then, the capacitor
C1 and the cell Cell2 are charged with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow of FIG. 23.

After that, in the third charging period, the control circuit
Control 4 turns on the switch S3. Then, a charging current to
charge the cell Celll with electric charge is stored in the coil
L1 from the capacitor C1. At this time, the electric charge of
the cell Cell2 is maintained without flowing into a side of the
coil L1, due to a backflow prevention function of the diode
D1. A path of the charging current is indicated by a dotted
arrow of FIG. 24.

Further, in the fourth charging period, the control circuit
Control 4 turns off the switch S3 and turns on the switch S1.
Then, the cell Celll is charged with the charging current
charged in the coil L1. A path of the charging current is
illustrated in FIG. 25.

Here, controlled contents by the control circuit Control 4
are explained with reference to FIG. 26. This figure illustrates
which switch, among the switches S1 to S3 in FIG. 21, the
control circuit Control 4 turns on in each of the first to fourth
charging periods T1 to T4. That is, among the switches S1 to
S3, a switch corresponding to a column indicative of “ON” in
the figure is turned into an ON state by the control circuit
Control 4, and the other switches are turned into an off state.

As illustrated in FIG. 26, the switch S2 is turned on in the
first charging period T1 as described above. Then, the switch
S3 is turned on in the second charging period T2. Further, the
switch S3 is turned on in the third charging period T3. Fur-
thermore, the switch S1 is turned on in the fourth charging
period T4.

The control circuit Control 4 repeatedly controls the
switches S1 to S3 to turn on as shown in the first to fourth
charging periods T1 to T4 described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

As described above, in the balance charging circuit for
series-connected cells according to the fourth embodiment of
the present invention, a single coil for temporarily storing a
power supplied from a power source is provided in common
for the cell Celll and the cell Cell2 so as to charge the cell
Celll and the cell Cell2. In the first charging period and the
second charging period, the cell Cell2 is charged, and in the
third and fourth charging period, the cell Celll is charged.
That is, the cell Celll and cell Cell2 can be charged indepen-
dently, and therefore, by setting times for turning on the
switches in the first to fourth charging periods according to a
variation between a capacitance value of the cell Celll and a
capacitance value of the cell Cell2, the series-connected cells
can be charged with electric charge and voltage balance
between the series-connected cells can be maintained.
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For example, in a case where the capacitance value of the
cell Celll is larger than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set longer than times for turning on
the switches in the third and fourth charging periods. On the
other hand, in a case where the capacitance value of the cell
Celll is smaller than the capacitance value of the cell Cell2,
times for turning on the switches in the first and second
charging periods may be set shorter than times for turning on
the switches in the third and fourth charging periods. By
setting the first to fourth charging periods repeatedly in turn
by the control circuit Control 4, the series-connected cells can
be charged with electric charge, voltage balance between the
series-connected cells can be maintained, and an output volt-
age Vout can be obtained from the output terminal 402. Fur-
ther, if times for turning on the switches in the second and
fourth charging periods are set so that a charging current of
the coil L1 becomes zero at the end of the second and fourth
charging periods, a time for removing a residual current of the
coil L1 at the end of the second and fourth charging periods
can be eliminated at the beginning of the first and third charg-
ing periods. It is also possible to prevent power attenuation
which occurs when a refresh current to a power supply side
flows into a parasitic resistor of each element in a current path
of the first and third charging periods.

According to the above configuration and operations, in the
balance charging circuit for series-connected cells according
to the fourth embodiment of the present invention, a coil for
charging series-connected cells with electric charge and a coil
for maintaining voltage balance between the series-con-
nected cells can be combined, that is, can be realized by a
single coil, thereby yielding an effect that a whole circuit is
small in size.

Further, each cell in the series-connected cells is not dis-
charged in any of the first to fourth charging periods, thereby
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.

(In Case where Three or more Cells are Arranged)

The above description, however, has been given of cases
where the number N of storage cells connected in series is
“2”, butthe number N of storage cells may be an integer of “3”
or more.

A case where the number N of storage cells is 3 or more
(N=z3) will be described. In the following description given
with reference to respective figures, the control circuit and the
current monitoring circuits are not illustrated from the con-
venience of drawing figures. That is, in each figure to be
referred to in the following explanation, a control circuit, not
illustrated, is provided at a lower side in the figure, similarly
to the above cases. Further, in each figure to be referred to in
the following explanation, a current monitoring circuit, not
illustrated, is provided between respective storage cells, simi-
larly to the above cases.

The control circuit, not illustrated, receives an output volt-
age Vout, contact-point voltages Vmid1 to VmidN-1 between
adjacent cells, and a reference voltage Vcom so as to find both
ends voltages between the cells. Further, the control circuit,
not illustrated, monitors charging currents flowing in respec-
tive cells by current monitoring circuits which are not illus-
trated herein, and receives current values thus monitored.
Then, the control circuit, not illustrated, controls on and off
times of respective switches based on the both ends voltages
thus found and the current values thus monitored so that the
respective cells are charged in a balanced manner. The current
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monitoring circuits which are not illustrated herein can be
realized by a current sensor using a sense resistor or a current
mirror circuit.

Similarly to the balance charging circuit for series-con-
nected cells according to the first embodiment of the present
invention, the respective switches used in explanation of the
following embodiments can be realized by a semiconductor
element such as an N-channel MOS transistor, a P-channel
MOS transistor, an NPN bipolar transistor, or a PNP bipolar
transistor.

In a case where the N-channel MOS transistor or the
P-channel MOS transistor is employed as a switch, one end of
the switch serves as either ofa source and a drain, and another
end thereof serves as the other one of the source and the drain.
Further, the control terminal serves as a gate.

In a case where the NPN bipolar transistor or the PNP
bipolar transistor is employed as a switch, one end of the
switch serves as either of an emitter and a collector, and
another end thereof serves as the other one of the emitter and
the collector. Further, the control terminal serves as a base.

In a case where the N-channel MOS transistor or the NPN
bipolar transistor is employed as a switch, when a high volt-
age is applied to the control terminal, the switch is turned on,
and when a low voltage is applied to the control terminal, the
switch is turned off.

In a case where the P-channel MOS transistor or the PNP
bipolar transistor is employed as a switch, when a low voltage
is applied to the control terminal, the switch is turned on, and
when a high voltage is applied to the control terminal, the
switch is turned off.

The control circuit, not illustrated, turns on a given switch
pair connected to both ends ofthe coil L1 to charge the coil L1
with a current, and then turns on another switch pair con-
nected to both ends of the coil L1 and a storage cell which pair
is different from the above switches, so as to charge the
storage cell with the current in the coil L1. Further, the control
circuit, not illustrated, monitors voltages of the respective
storage cells by the current monitoring circuits which are not
illustrated herein, so as to control on and off times of the
switch pairs so that the voltages of the respective storage cells
are equal to each other.

(Configuration of Balance Charging Circuit According to
Fifth Embodiment)

FIG. 27 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 27, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CelIN to both ends of the coil L1.

The switch group SW1 includes a switch Sal and a switch
Sa2, and a switch Sbl and a switch Sb2. One ends of the
switch Sal and the switch Sa2 are connected to the input
terminal 101, and another ends thereof are respectively con-
nected to one end and another end of the coil L1. One ends of
the switch Sb1 and the switch Sb2 are connected to the ref-
erence voltage terminal, and another ends thereof are respec-
tively connected to one end and another end of the coil L1.

The switch group SW2 includes switches Scl to ScN+1
and switches Sd1 to SAN+1. One ends of the switches Scl to
ScN+1 are connected to contact points of N pieces of the
storage cells Celll to CellN, an output terminal 102, and the
reference voltage terminal, and another ends thereof are con-
nected to one end of the coil L1. One ends of the switches Sd1
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to SdN+1 are connected to contact points of N pieces of the
storage cells Celll to CellN, the output terminal 102, and the
reference voltage terminal, and another ends thereof are con-
nected to another end of the coil L1.

(Operation of Balance Charging Circuit According to Fifth
Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the fifth embodiment of
the present invention will be explained. The balance charging
circuit for series-connected cells according to the present
embodiment is a charge/discharge circuit which turns on a
given switch pair connected to both ends of the coil L1 to
charge the coil L1 with a current, and then turns on another
switch pair connected to both ends of the coil L1 and a storage
cell which pair is different from the above switch pair, so as to
charge the storage cell with the current in the coil L1. The
balance charging circuit monitors voltages of respective stor-
age cells and controls on and off times of the switch pairs so
that the voltages of the respective storage cells are equal to
each other.

FIGS. 28 to 32 are views to explain operations of the fifth
embodiment of the present invention.

In the balance charging circuit for series-connected cells
according to the fitth embodiment of the present invention, in
order to charge series-connected storage cells and maintain
voltage balance between the series-connected cells, first to
Nith charging periods are set by a control circuit which is not
illustrated in the figure. A first half of each of the first to Nth
charging periods is a coil charging period (which applies in
each of the following embodiments). A second half of each of
the first to Nth charging periods is a storage cell charging
period (which is applies in each of the following embodi-
ments).

Firstly, in a first half of the first charging period, the control
circuit, not illustrated, turns on switches Sal and Sb1. Then,
an input voltage Vin is input from the input terminal 101, and
a charging current to charge the cell Celll is stored in the coil
L1. A path of the charging current is indicated by a dotted
arrow of FIG. 28.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switches Sal and
Sb1 and turns on switches Scl and Sd2. Then, the cell Celll
is charged with the charging current charged in the coil L1. A
path of the charging current is indicated by a dotted arrow of
FIG. 29.

After that, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switches Sc1 and
Sd2 and turns on the switches Sal and Sb1. Then, an input
voltage Vin is input from the input terminal 101, and a charg-
ing current to charge the cell Cell2 is stored in the coil 1.
This state is the same as the state in FIG. 28, and a path of the
charging current is indicated by the dotted arrow of FIG. 28.

Next, in a second half of the second charging period, the
switches Sal and Sb1 are turned off and switches Sc2 and Sd3
are turned on. Then, the cell Cell2 is charged with the charg-
ing current charged in the coil L1. A path of the charging
current is indicated by a dotted arrow in FIG. 30.

Thereafter, a similar operation is repeated to turn on the
switches Sal and Sb1 in a first half of each charging period, so
as to store, in the coil L1, a charging current to charge a
storage cell with electric charge. Then, corresponding
switches for both ends of each cell are turned on in a second
half of the each charging period, so as to charge the cell with
the charging current stored in the coil L1. Accordingly, in a
case where the cell CellN is charged, switches ScN and
SdN+1 are turned on. A path of the charging current in this
state is indicated by a dotted arrow in FIG. 31.
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Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 32. FIG. 32 illus-
trates which switch, among the switches in FIG. 27, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

As illustrated in FIG. 32, the switches Sal and Sbl are
turned on in the first half of each of the charging periods T1 to
TN, as described above. Then, corresponding switches for
both ends of each cell are turned on in the second half of the
each of the charging periods T1to TN, as described above. As
described, the control circuit, not illustrated, repeatedly con-
trols each of the switches to turn on as shown in the first to Nth
charging periods T1 to TN described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

(Configuration of Balance Charging Circuit According to
Sixth Embodiment)

FIG. 33 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 33, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CellN to both ends of the coil L1. The configuration of the
balance charging circuit of FIG. 33 is a configuration of a
balance charging circuit in a case where the number of cells is
N in the configurations of FIGS. 1 and 8.

The switch group SW1 includes a switch Sal and a switch
Sb1. One end of the switch Sal is connected to the input
terminal 101, and another end thereofis connected to one end
of the coil L1. One end of the switch Sb1 is connected to the
reference voltage terminal, and another end thereof is con-
nected to another end of the coil L1.

The switch group SW2 includes switches Scl to ScN and
switches Sd1 to SAN+1. One ends of the switches Scl to ScN
are connected to contact points of N pieces of the storage cells
Celll to CelIN and the reference voltage terminal, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN+1 are connected to
the contact points of N pieces of the storage cells Celll to
CellN and an output terminal 102, and another ends thereof
are connected to the another end of the coil L1.

As described, the balance charging circuit according to the
present embodiment includes switches as many as the num-
ber equal to twice the number of storage cells plus “2.” That
is, the switches as many as the number equal to twice the
number of storage cells plus “2” include the switch group
SW2 including 2N pieces of switches for connecting both
ends of each storage cell to the coil L1, and the switch group
SW1 including switch pairs for connecting both ends of the
coil L1 between the input terminal and the reference voltage
terminal.

A charging period of a control circuit which is not illus-
trated in the figure includes a period Tla (J=1 to N) in which
the switch Sal for connecting one end of the coil to a charging
power input terminal (Vin) and the switch Sb1 for connecting
another end of the coil to the reference voltage terminal
(Vcom) are turned on, and a period TJb (J=1 to N) in which a
switch SdJ+1 for connecting a high voltage terminal of a Jth
storage cell to the another end of the coil and a switch ScJ for
connecting a low voltage terminal of the Jth storage cell to the
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one end of the coil are turned on. Voltages of respective
storage cells are monitored and lengths of the periods T1a to
TNa and lengths of the periods T1b to TNb are controlled so
that the voltages of the respective storage cells are equal to
each other.

A discharge period of the control circuit, not illustrated,
includes a period Tx having: a period Txa in which the volt-
ages of the respective storage cells are monitored, a high-
voltage storage cell of a number P which is counted from the
first storage cell and a low-voltage storage cell of a number Q
which is counted from the first storage cell are selected inde-
pendently, a switch (ScP+1) for connecting a high-voltage
terminal of the high-voltage storage cell to the one end of the
coil and a switch (SdP) for connecting a low-voltage terminal
of the high-voltage storage cell to the another end of the coil
are turned on so as to charge the coil with a current; and a
period Txb in which a switch (SdQ+1) for connecting a high-
voltage terminal of the low-voltage storage cell to the another
end of the coil and a switch (ScQ) for connecting a low-
voltage terminal of the low-voltage storage cell to the one end
of the coil are turned on so as to charge the low-voltage
storage cell with a current stored in the coil. The control
circuit, not illustrated, controls lengths of the above periods
repeatedly so that the voltages of the respective storage cells
are equal to each other.

(Operation of Balance Charging Circuit According to Sixth
Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the sixth embodiment of
the present invention will be explained. The balance charging
circuit for series-connected cells according to the present
embodiment includes, as a charging time, a period TJa (J=1to
N) in which the switch Sal for connecting one end of the coil
L1 to the charging power input terminal (Vin) and the switch
Sb1 for connecting another end of the coil L1 to the reference
voltage terminal (Vcom) are turned on, and a period TJb (J=1
to N) in which a switch SdJ+1 for connecting a high-voltage
terminal of a Jth storage cell to the another end of the coil L1
and a switch ScJ for connecting a low-voltage terminal of the
Jth storage cell to the one end of the coil L1 are turned on,
monitors voltages of respective storage cells, and controls the
lengths of the periods T1a to TNa and the lengths of the
periods T1b to TNb so that the voltages of the respective
storage cells are equal to each other. Further, the balance
charging circuit for series-connected cells according to the
present embodiment includes, as a discharge time for driving
a connected load to the output terminal 102, a period Tx
having: a period Txa in which the voltages of the respective
storage cells are monitored, a high-voltage storage cell of a
number P which is counted from the first storage cell and a
low-voltage storage cell of a number Q which is counted from
the first storage cell are selected independently, and a switch
(ScP+1) for connecting a high-voltage terminal of the high-
voltage storage cell to the one end of the coil L1 and a switch
(SdP) for connecting a low-voltage terminal of the high-
voltage storage cell to the another end of the coil L1 are turned
on so as to charge the coil L1 with a current; and a period Txb
in which a switch (SdQ+1) for connecting a high-voltage
terminal of the low-voltage storage cell to the another end of
the coil L1 and a switch (ScQ) for connecting a low-voltage
terminal of the low-voltage storage cell to the one end of the
coil L1 are turned on so as to charge the low-voltage storage
cell with the current flowing in the coil L1. The balance
charging circuit controls lengths of the above periods repeat-
edly so that the voltages of the respective storage cells are
equal to each other.



US 9,385,553 B2

33

FIGS. 34 to 38 are views to explain operations of the sixth
embodiment of the present invention.

In the balance charging circuit for series-connected cells
according to the sixth embodiment of the present invention, in
order to charge series-connected storage cells and maintain
voltage balance between the series-connected cells, first to
Nth charging periods are set by a control circuit which is not
illustrated in the figure.

Firstly, in a first half of the first charging period, the control
circuit, not illustrated, turns on the switches Sal and Sbl.
Then, an input voltage Vin is input from the input terminal
101, and a charging current to charge the cell Celll with
electric charge is stored in the coil L1. A path of the charging
current is indicated by a dotted arrow in FIG. 34.

Subsequently, in a second half of the first charging period,
the control circuit, not illustrated, turns off the switches Sal
and Sb1 and turns on the switches Sc1 and Sd2. Then, the cell
Celll is charged with the charging current charged in the coil
L1. A path of the charging current is indicated by a dotted
arrow in FIG. 35.

After that, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switches Sc1 and
Sd2 and turns on the switches Sal and Sb1. Then, an input
voltage Vin is input from the input terminal 101, and a charg-
ing current to charge the cell Cell2 with electric charge is
stored in the coil L1. This state is the same as the state in FIG.
34, and a path of the charging current is indicated by the
dotted arrow of FIG. 34.

Next, in a second half of the second charging period, the
switches Sal and Sb1 are turned off and the switches Sc2 and
Sd3 are turned on. Then, the cell Cell2 is charged with the
charging current charged in the coil 1. A path of the charging
current is indicated by a dotted arrow in FIG. 36.

Thereafter, a similar operation is repeated to turn on the
switches Sal and Sb1 in a first half of each charging period, so
as to store, in the coil L1, a charging current to charge a
storage cell with electric charge. Then, corresponding
switches for both ends of each cell are turned on in a second
half of the each charging period, so as to charge the cell with
the charging current charged in the coil L.1. Accordingly, in a
case where the cell CelIN is charged, the switches ScN and
SdN+1 are turned on. A path of the charging current in this
state is indicated by a dotted arrow in FIG. 37.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 38. FIG. 38 illus-
trates which switch, among the switches in FIG. 33, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

As illustrated in FIG. 38, the switches Sal and Sbl are
turned on in the first half of each of the charging periods T1 to
TN, as described above. Then, corresponding switches for
both ends of each cell are turned on in the second half of the
each of the charging periods T1to TN, as described above. As
described, the control circuit, not illustrated, repeatedly con-
trols each of the switches to turn on as shown in the first to Nth
charging periods T1 to TN described above. Accordingly, it is
possible to realize a balance charging circuit which performs
voltage boost and drop operations by use of a single coil L1.

Further, each cell in the series-connected cells is not dis-
charged in any of the charging periods T1 to TN, thereby also
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.
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(Configuration of Balance Charging Circuit According to
Seventh Embodiment)

FIG. 39 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 39, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CellN to both ends of the coil L1. The configuration of the
balance charging circuit of FIG. 39 is a configuration of a
balance charging circuit in a case where the number of cells is
N in the configurations of FIGS. 1 and 7.

The configuration of the balance charging circuit in FIG.
39 itselfis similar to the configuration of the balance charging
circuit explained with reference to FIG. 33, but some con-
trolled contents of switches controlled by a control circuit, not
illustrated, are different, and a voltage drop operation is
implemented.

(Operation of Balance Charging Circuit According to Sev-
enth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the seventh embodiment
of'the present invention will be explained. FIGS. 40 to 45 are
views to explain operations of the sixth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the seventh embodiment of the present inven-
tion, in order to charge series-connected storage cells and
maintain voltage balance between the series-connected cells,
first to Nth charging periods are set by a control circuit which
is not illustrated in the figure. Note that switches to be turned
on in the first charging period are different from those in the
sixth embodiment.

Thatis, in a first half of the first charging period, the control
circuit, not illustrated, turns on the switches Sal and Sd2. In
this regard, the switches to be turned on herein are different
from those in the sixth embodiment. Then, an input voltage
Vin is input from the input terminal 101, so that the cell Celll
is charged while a charging current is stored in the coil L1. A
path of the charging current is indicated by a dotted arrow in
FIG. 40.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
turns on the switch Sc1 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow in FIG. 41.

After that, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switches Sc1 and
Sd2 and turns on the switches Sal and Sb1. Then, an input
voltage Vin is input from the input terminal 101, and a charg-
ing current to charge the cell Cell2 is stored in the coil L1. A
path of the charging current is indicated by a dotted arrow in
FIG. 42.

Next, in a second half of the second charging period, the
switches Sal and Sb1 are turned off and the switches Sc2 and
Sd3 are turned on. Then, the cell Cell2 is charged with the
charging current charged in the coil 1. A path of the charging
current is indicated by a dotted arrow in FIG. 43.

Thereafter, a similar operation is repeated to turn on the
switches Sal and Sb1 in a first half of each charging subse-
quent to the second charging period, so as to store, in the coil
L1, a charging current to charge a storage cell with electric
charge. Then, corresponding switches for both ends of each
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cell are turned on in a second half of the each charging period,
s0 as to charge the cell with the charging current charged in
the coil 1. Accordingly, in a case where the cell CellN is
charged, the switches ScN and SAN+1 are turned on. A path of
the charging current in this state is indicated by a dotted arrow
in FIG. 44.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 45. FIG. 45 illus-
trates which switch, among the switches in FIG. 39, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

Asillustrated in FIG. 45, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in a first half of
the first charging period, and the switches Sal and Sb1 are
turned on in a first half of each of the second charging period
and its subsequent charging periods. Then, corresponding
switches for both ends of each cell are turned on in a second
half of each of the charging periods T1 to TN, as described
above. As described, the control circuit, not illustrated,
repeatedly controls each of the switches to turn on as shown
in the first to Nth charging periods T1 to TN described above.
Accordingly, it is possible to realize a balance charging cir-
cuit using a single coil L1.

Further, each cell in the series-connected cells is not dis-
charged in any of the charging periods T1 to TN, thereby also
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.

(Configuration of Balance Charging Circuit According to
Eighth Embodiment)

FIG. 46 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 46, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CelIN to both ends of the coil L1.

The configuration of the balance charging circuit in FIG.
46 itself'is similar to the configuration of the balance charging
circuit explained with reference to FIG. 33, but some con-
trolled contents of switches controlled by a control circuit, not
illustrated, are different, and a voltage boost operation is
implemented.

(Operation of Balance Charging Circuit According to
Eighth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the eighth embodiment of
the present invention will be explained. FIGS. 47 to 51 are
views to explain operations of the eighth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the eighth embodiment of the present invention,
in order to charge series-connected storage cells and maintain
voltage balance between the series-connected cells, first to
Nth charging periods are set by a control circuit which is not
illustrated in the figure. Note that switches to be turned on in
the first charging period are different from those in the sixth
embodiment.

That is, in a first half of the first charging period, the control
circuit, not illustrated, turns on switches the Sal and Sbl.
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Then, an input voltage Vin is input from the input terminal
101, and a charging current to charge the cell Celll with
electric charge is stored in the coil L1. A path of the charging
current is indicated by a dotted arrow in FIG. 47.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sb1 and
turns on the switch Sd2 while the switch Sal is being turned
on. Then, the cell Celll is charged with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow in FIG. 48.

After that, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switch Sd2, and
turns on the switch Sb1 while the switch Sal is being turned
on. Then, an input voltage Vin is input from the input terminal
101, and a charging current to charge the cell Cell2 with
electric charge is stored in the coil L1. This state is the same
as the state in FIG. 47, and a path of the charging current is
indicated by the dotted arrow of FIG. 47.

Next, in a second half of the second charging period, the
switches Sal and Sb1 are turned off and the switches Sc2 and
Sd3 are turned on. Then, the cell Cell2 is charged with the
charging current charged in the coil 1. A path of the charging
current is indicated by a dotted arrow in FIG. 49.

Thereafter, a similar operation is repeated to turn on the
switches Sal and Sb1 in a first half of each charging period, so
as to store, in the coil L1, a charging current to charge a
storage cell with electric charge. Then, corresponding
switches for both ends of each cell are turned on in a second
half of the each charging period, so as to charge the cell with
the charging current charged in the coil L.1. Accordingly, in a
case where the cell CellN is charged, the switches ScN and
SdN+1 are turned on. A path of the charging current in this
state is indicated by a dotted arrow in FIG. 50.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 51. FIG. 51 illus-
trates which switch, among the switches in FIG. 46, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

As illustrated in FIG. 51, the switches Sal and Sb1 are
turned on in a first half of each of the charging periods T1 to
TN, as described above. Then, in each of the charging periods
T1 to TN, the switches Sal and Sd2 are turned on in a second
half of the first charging period, and corresponding switches
for both end of each cell are turned on in a second half of each
of the second charging period and its subsequent charging
periods. As described, the control circuit, not illustrated,
repeatedly controls each of the switches to turn on as shown
in the first to Nth charging periods T1 to TN described above.
Accordingly, it is possible to realize a balance charging cir-
cuit using a single coil L1.

Further, each cell in the series-connected cells is not dis-
charged in any of the charging periods T1 to TN, thereby also
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.

(Configuration of Balance Charging Circuit According to
Ninth Embodiment)

FIG. 52 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 52, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
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101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CelIN to both ends of the coil L1.

The switch group SW1 includes a switch Sal and a switch
Sa2, and a switch Sf0 and a switch Sb1. One ends of the
switch Sal and the switch Sa2 are connected to the input
terminal 101, and another ends thereof are respectively con-
nected to one end and another end of the coil L1. One ends of
the switch Sf0 and the switch Sb1 are connected to the refer-
ence voltage terminal, and another ends thereof are respec-
tively connected to the one end and the other end of the coil
L1.

The switch group SW2 includes switches Sfl to SIN. One
ends of odd-numbered switches Sf1, Sf3, .. ., SIN-1 among
the switches Sf1 to SN are connected to contact points of N
pieces of the storage cells Celll to CellN, and another ends
thereof are connected to the another end of the coil L1. One
ends of even-numbered switches Sf2, Sf4, . . ., STN among the
switches Sf1 to SN are connected to the contact points of N
pieces of the storage cells Celll to CelIN and the output
terminal 102, and another ends thereof are connected to the
one end of the coil L1.

As described, the balance charging circuit according to the
present embodiment includes switches as many as the num-
ber equal to the number of storage cells plus “4.” That is, the
switches as many as the number equal to the number of
storage cells plus “4” include: the switch group SW2 includ-
ing N pieces of switches for connecting both ends of each
storage cell to the coil LL1; and the switch group SW1 includ-
ing four switches for connecting the input terminal 101 and
the coil 1. The switch group SW2 includes switches Sf2 to
SIM (switches Sf2, Sf4, . . ., SfM (M is the largest even
number which is not more than N) connected to even-num-
bered storage cells) for connecting even-numbered high-volt-
age terminals counted from a first storage cell to the one end
of'the coil, and switches Sf1 to Sf1 (switches Sf1, S13, ..., Sf1
(L is the largest odd number which is not more than N)
connected to odd-numbered storage cells) for connecting
odd-numbered high-voltage terminals counted from the first
storage cell to the another end of the coil.

(Operation of Balance Charging Circuit According to
Ninth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the ninth embodiment of
the present invention will be explained. FIGS. 53 to 58 are
views to explain operations of the ninth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the ninth embodiment of the present invention,
in order to storage charge cells connected in series and main-
tain voltage balance between the series-connected cells, first
to Nth charging periods are set by a control circuit which is
not illustrated in the figure.

Firstly, in a first half of the first charging period, the control
circuit, not illustrated, turns on the switches Sal and Sbl.
Then, an input voltage Vin is input from the input terminal
101, and a charging current to charge the cell Celll with
electric charge is stored in the coil L1. A path of the charging
current is indicated by a dotted arrow of FIG. 53.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switches Sal and
Sb1 and turns on the switches Sf0 and Sfl1. Then, the cell
Celll is charged with the charging current charged in the coil
L1. A path of the charging current is indicated by a dotted
arrow of FIG. 54.
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Next, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switches Sf0 and
Sfl and turns on the switches Sa2 and Sf0. Then, an input
voltage Vin is input from the input terminal 101, and a charg-
ing current to charge the cell Cell2 with electric charge is
stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow of FIG. 55. The path of the charging
current in FIG. 55 is in an opposite direction to the path of the
charging current in FIG. 53.

Next, in a second half of the second charging period, the
switches Sa2 and Sf0 are turned off and the switches Sf1 and
Sf2 are turned on. Then, the cell Cell2 is charged with the
charging current charged in the coil 1. A path of the charging
current is indicated by a dotted arrow of FIG. 56.

After that, in a first half of the third charging period, the
control circuit, not illustrated, turns off the switches Sf1 and
Sf2 and turns on the switches Sf0 and Sfl. Then, an input
voltage Vin is input from the input terminal 101, and a charg-
ing current to charge the cell Cell3 with electric charge is
stored in the coil L1. This state is the same as the state in FIG.
53, and a path of the charging current is indicated by the
dotted arrow of FIG. 53.

Next, in a second half of the third charging period, the
switches Sal and Sb1 are turned off and the switches Sf2 and
Sf3 are turned on. Then, the cell Cell3 is charged with the
charging current stored in the coil L1. A path of the charging
current is indicated by a dotted arrow of FIG. 57.

Thereafter, a similar operation is repeated so as to alter-
nately change a flowing direction of the charging current to be
stored in the coil L1 in a first half of each charging period,
between an odd-numbered charging period and an even-num-
bered charging period. Then, corresponding switches for both
ends of each cell are turned on in a second half of the each
charging period, so as to charge the cell with the charging
current charged in the coil L1. Accordingly, in an even-num-
bered charging period in which the cell CellN is charged, the
switches SfN-1 and SfN are turned on. A path of the charging
current in this state is indicated by a dotted arrow in FIG. 58.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 59. FIG. 59 illus-
trates which switch, among the switches in FIG. 52, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

As illustrated in FIG. 59, the switches Sal and Sb1 are
turned on in a first half of an odd-numbered charging period,
and the switches S21 and Sf0 are turned on in a first half of an
even-numbered charging period, so that the flowing direction
of the charging current to be stored in the coil L1 is changed
alternately. Then, corresponding switches for both ends of
each cell are turned on in a second half of each of the charging
periods T1 to TN, as described above.

That is, a charging period of the control circuit, not illus-
trated, include: a charging period T1 including a period T1a in
which only the switches Sal and Sb1 are turned on to charge
the coil L1 with a charging current, and a period T1b in which
only the switches Sf0 and Sf1 are turned on to charge a first
storage cell with the current of the coil thus charged; a charg-
ing period T2 similarly including a period T2a in which only
the switches Sa2 and S0 are turned on to charge the coil .1
with a charging current, and a period T2b in which only the
switches Sf1 and Sf2 are turned on to charge a second storage
cell with the current of the coil L1 thus charged; and charging
periods T3 to TN in which the switches Sal, Sb1, Sa2, Sf0 and
Sf2 to SN are turned on and off to charge third to Nth storage
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cells with the current of the coil L1, similarly to the charging
periods T1 and T2. Voltages of the respective storage cells are
monitored so as to control lengths of the periods T1a to TNa
and lengths of the periods T1b to TNb so that the voltages of
the respective storage cells are equal to each other.

Further, a discharge period of the control circuit, not illus-
trated, includes a period Tx having: a period Txa in which the
voltages of the respective storage cells are monitored, a high-
voltage storage cell of a number P which is counted from a
first storage cell and a low-voltage storage cell of a number Q
which is counted from the first storage cell are selected inde-
pendently so that a sum of P and Q becomes an odd number,
a switch SfP for connecting a high-voltage terminal of the
high-voltage Pth storage cell to another end of the coil L and
a switch Sf(P-1) for connecting a low-voltage terminal of the
high-voltage Pth storage cell to one end of the coil LL are
turned on so as to charge the coil L1 with a current; and a
period Txb in which a switch SfQQ for connecting a high-
voltage terminal of the low-voltage Qth storage cell to the
another end of the coil L and a switch Sf(Q-1) for connecting
a low-voltage terminal of the low-voltage Qth storage cell to
the one end of the coil are turned on so as to charge the
low-voltage storage cell with the current of the coil. When
driving a connected load to the output terminal 102, the con-
trol circuit, not illustrated, controls lengths of the above peri-
ods repeatedly so that the voltages of the respective storage
cells are equal to each other.

As described, the control circuit, not illustrated, repeatedly
controls each of the switches to turn on as shown in the first to
Nth charging periods T1 to TN described above. Accordingly,
it is possible to realize a balance charging circuit for perform-
ing voltage boost and drop operations by use of a single coil
L1.

Further, each cell in the series-connected cells is not dis-
charged in any of the charging periods T1 to TN, thereby also
yielding an effect that the series-connected cells which have a
limitation in terms of the number of charging times can be
charged with electric charge and voltage balance between the
series-connected cells can be maintained.

Moreover, the number of switches is equal to the number N
of'storage cells plus “4”, and therefore, it is possible to realize
a balance charging circuit for series-connected storage cells
with an extremely few elements.

(Modification to Ninth Embodiment)

In the ninth embodiment, the control circuit, not illustrated,
may be modified to control the switches in the charging
period T1 as follows. That is, FIGS. 60 to 62 are views
illustrating on and off control states of the switches Sal, Sa2,
Sb1, Sf0, Sf1, and Sf2 by the control circuit which is not
illustrated in the ninth embodiment.

With reference to FIG. 60, the switches Sal and Sb1 are
turned on in a first half of the charging period T1 so as to store
a current in the coil L1. Then, in a second half of the charging
period T1, the cell Celll is charged with the current stored in
the coil L1 by turning on the switches Sf0 and Sf1.

Next, the switches Sa2 and S0 are turned on in a first half
of'the charging period T2 so as to store a current in the coil LL1.
Then, in a second half of the charging period T2, the cell Cell2
is charged with the current stored in the coil L1 by turning on
the switches Sf1 and Sf2.

By turning on and off the switches as such, voltage boost
and drop operations of the balance charging circuit can be
realized.

Further, with reference to FIG. 61, the switches Sal and
Sf1 are turned on in the first half of the charging period T1 so
as to store a current in the coil L1. Then, in the second half of
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the charging period T1, the cell Celll is charged with the
current stored in the coil L1 by turning on the switches Sf0
and Sf1.

Next, the switches Sa2 and S0 are turned on in the first half
of'the charging period T2 so as to store a current inthe coil LL1.
Then, in the second half of the charging period T2, the cell
Cell2 is charged with the current stored in the coil L1 by
turning on the switches Sf1 and Sf2.

By turning on and off the switches as such, a voltage drop
operation of the balance charging circuit can be realized.

Furthermore, with reference to FIG. 62, the switches Sal
and Sb1 are turned on in the first half of the charging period
T1 so as to store a current in the coil L1. Then, in the second
half of the charging period T1, the cell Celll is charged with
the current stored in the coil L1 by turning on the switches Sal
and Sf1.

Next, the switches Sa2 and S0 are turned on in the first half
of'the charging period T2 so as to store a current inthe coil LL1.
Then, in the second half of the charging period T2, the cell
Cell2 is charged with the current stored in the coil L1 by
turning on the switches Sf1 and Sf2.

By turning on and off the switches as such, a voltage boost
operation of the balance charging circuit can be realized.

Note that such a control may be performed that an odd-
numbered storage cell and an even-numbered storage cell are
taken as a charging target alternately, or such a control may be
performed such that either ones of odd-numbered storage
cells and even-numbered storage cells are all charged as a
charging target completely at first in a random order, i.e., in
any given order, and the other ones are then charged com-
pletely as a charging target in a random order, i.e., in any given
order. In a case where the former control is employed, a
flowing direction of the current is changed every time a stor-
age cell to be a charging target is changed, but in a case where
the latter control is employed, the flowing direction of the
current is changed only once when the charging is changed
from the odd-numbered storage cells to the even-numbered
storage cells and vice versa. Accordingly, in the case where
the latter control is employed, power consumption is more
efficient than the case where the former control is employed.

(Configuration of Balance Charging Circuit According to
Tenth Embodiment)

FIG. 63 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 63, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting the coil L1 between an input terminal
101 into which a charging voltage is input and a reference
voltage terminal, and a switch group SW2 for electrically
connecting both ends of each of the storage cells Celll to
CelIN to both ends of the coil L1.

The switch group SW1 includes a switch Sal, a switch Sa2,
and a switch Sb2. One ends of the switch Sal and the switch
Sa2 are connected to the input terminal 101, and another ends
thereof are respectively connected to one end and another end
of the coil L1. One end of the switch Sb2 is connected to the
reference voltage terminal, and another end thereof is con-
nected to the other end of the coil L1.

The switch group SW2 includes switches Sc3 to ScN+1
and switches Sd2 to SAN. One ends of the switches Sc3 to
ScN+1 are connected to contact points of N pieces of the
storage cells Cell2 to CellN and an output terminal 102, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN are connected to the
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contact points of N pieces of the storage cells Celll to CelIN,
and another ends thereof are connected to the another end of
the coil L1.

As described, the balance charging circuit according to the
present embodiment has such a configuration that the switch
Sc2 is eliminated from the balance charging circuit according
to the eighth embodiment explained with reference to FIG.
46.

(Operation of Balance Charging Circuit According to
Tenth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the tenth embodiment of
the present invention will be explained. FIGS. 64 to 69 are
views to explain operations of the tenth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the tenth embodiment of the present invention, in
order to charge storage cells connected in series and maintain
voltage balance between the series-connected cells, first to
Nth charging periods are set by a control circuit which is not
illustrated in the figure.

In a first half of the first charging period, the control circuit,
not illustrated, turns on the switches Sal and Sd2. Then, an
input voltage Vin is input from the input terminal 101, so that
the cell Celll is charged while a charging current is stored in
the coil L1. A path of the charging current is indicated by a
dotted arrow in FIG. 64.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
turns on the switch Sbh2 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow in FIG. 65.

Next, in a first half of the second charging period, the
control circuit, not illustrated, turns off the switch Sd2 and
turns on the switches Sa2 and Sb2. Then, an input voltage Vin
is input from the input terminal 101, and a charging current to
charge the cell Cell2 with electric charge is stored in the coil
L1. A path of the charging current is indicated by a dotted
arrow in FIG. 66.

Next, in a second half of the second charging period, the
switches Sa2 and Sb2 are turned off and the switches Sc3 and
Sd2 are turned on. Then, the cell Cell2 is charged with the
charging current stored in the coil L1. A path of the charging
current is indicated by a dotted arrow in FIG. 67.

Thereafter, a similar operation is repeated to turn on the
switches Sa2 and Sb1 in a first half of each of the second
charging period and its subsequent charging periods, so as to
store, in the coil L1, a charging current to charge a storage cell
with electric charge. Then, corresponding switches for both
ends of each cell are turned on in a second half of the each
charging period, so as to charge the cell with the charging
current stored in the coil L1. Accordingly, in a case where the
cell CelIN is charged, the switches ScN+1 and SdN are turned
on. A path of the charging current in this state is indicated by
a dotted arrow in FIG. 68.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 69. FIG. 69 illus-
trates which switch, among the switches in FIG. 63, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

Asillustrated in FIG. 69, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in the first half
of'the first charging period, and the switches Sa2 and Sb1 are
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turned on in a first half of each of the second charging period
and its subsequent charging periods. Then, corresponding
switches for both ends of each cell are turned on in a second
half of each of the charging periods T1 to TN, as described
above. As described, the control circuit, not illustrated,
repeatedly controls each of the switches to turn on as shown
in the first to Nth charging periods T1 to TN described above.
Accordingly, it is possible to realize a balance charging cir-
cuit using a single coil L1.

Note that since a voltage drop operation is performed in the
first charging period T1, the present embodiment is appli-
cable to a case where the input voltage Vin is larger than a
charging voltage of the cell Celll, and a direction of a charg-
ing current to the cell Celll may be different from directions
of charging currents to the cells Cell2 to N.

(Configuration of Balance Charging Circuit According to
Eleventh Embodiment)

FIG. 70 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 70, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting an input terminal 101 into which a
charging voltage is input and the coil L1, and a switch group
SW2 for electrically connecting both ends of each of the
storage cells Celll to CelIN to both ends of the coil L1.

The switch group SW1 includes a switch Sal and a switch
Sb2. One end of the switch Sal is connected to the input
terminal 101, and another end thereofis connected to one end
of the coil L1. One end of the switch Sb2 is connected to the
reference voltage terminal, and another end thereof is con-
nected to the one end of the coil L1.

The switch group SW2 includes switches Sc3 to ScN+1
and switches Sd2 to SAN. One ends of the switches Sc3 to
ScN+1 are connected to contact points of N pieces of the
storage cells Cell2 to CellN and an output terminal 102, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN are connected to the
contact points of N pieces of the storage cells Celll to CelIN,
and another ends thereof are connected to another end of the
coil L1.

As described, the balance charging circuit according to the
present embodiment has such a configuration that the switch
Sc2 is eliminated from the balance charging circuit according
to the eighth embodiment explained with reference to FIG.
46.

(Operation of Balance Charging Circuit According to Elev-
enth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the eleventh embodiment
of'the present invention will be explained. FIGS. 71 to 76 are
views to explain operations of the eleventh embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the eleventh embodiment of the present inven-
tion, in order to charge series-connected storage cells and
maintain voltage balance between the series-connected cells,
first to Nth charging periods are set by a control circuit which
is not illustrated in the figure.

In a first half of the first charging period, the control circuit,
not illustrated, turns on the switches Sal and Sd2. Then, an
input voltage Vin is input from the input terminal 101, so that
the cell Celll is charged while a charging current is stored in
the coil L1. A path of the charging current is indicated by a
dotted arrow in FIG. 71.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
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turns on the switch Sbh2 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow in FIG. 72.

After that, in a first half of the second charging period, the
control circuit, not illustrated, maintains the switches Sd2 and
Sb2 to be turned on. This causes discharge from the cell Celll,
thereby storing, in the coil [.1, a charging current to charge the
cell Cell2 with electric charge. A path of the charging current
is indicated by a dotted arrow of FIG. 73.

Next, in a second half of the second charging period, the
switch Sb2 is turned off and the switch Sc3 is turned on while
the switch Sd2 is being turned on. Then, the cell Cell2 is
charged with the charging current charged in the coil L1. A
path of the charging current is indicated by a dotted arrow of
FIG. 74.

Thereafter, a similar operation is repeated to turn on the
switches Sb2 and Sd2 in a first half of each of the second
charging period and its subsequent charging periods, so as to
store, in the coil L1, a charging current to charge the other
cells Cell2 to CellN with electric charge by discharge from
the cell Celll. Accordingly, in a case where the cell CellN is
charged, the switches ScN+1 and SdN are turned on. A path of
the charging current in this state is indicated by a dotted arrow
in FIG. 75.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 76. FIG. 76 illus-
trates which switch, among the switches in FIG. 70, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

Asillustrated in FIG. 76, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in the first half
of'the first charging period so as to charge the cell Celll, and
the switches Sb2 and Sd2 are turned on in a first half of each
of the second charging period and its subsequent charging
periods so as to store, in the coil L1, a charging current to
charge the other storage cells Cell2 to CellN with electric
charge by discharge from the cell Celll. Then, corresponding
switches for both ends of each cell are turned on in a second
half of each of the charging periods T1 to TN so as to charge
the other cells Cell2 to CellN, as described above. As
described, the control circuit, not illustrated, repeatedly con-
trols each of the switches to turn on as shown in the first to Nth
charging periods T1 to TN described above. Accordingly, it is
possible to realize a balance charging circuit using a single
coil L1.

Note that since a voltage drop operation is performed in the
first charging period T1, the present embodiment is appli-
cable to a case where the input voltage Vin is larger than a
charging voltage of the cell Celll, and discharge of the cell
Celll is allowable.

(Configuration of Balance Charging Circuit According to
Twelfth Embodiment)

FIG. 77 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 77, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting an input terminal 101 into which a
charging voltage is input and the coil L1, and a switch group
SW2 for electrically connecting both ends of each of the
storage cells Celll to CelIN to both ends of the coil L1.

The switch group SW1 includes a switch Sal and a switch
Sb2. One end of the switch Sal is connected to the input
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terminal 101, and another end thereofis connected to one end
of the coil L1. One end of the switch Sb2 is connected to the
reference voltage terminal, and another end thereof is con-
nected to the one end of the coil L1.

The switch group SW2 includes switches Sc3 to ScN+1
and switches Sd2 to SAN. One ends of the switches Sc3 to
ScN+1 are connected to contact points of N pieces of the
storage cells Cell2 to CellN and an output terminal 102, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN are connected to the
contact points of N pieces of the storage cells Celll to CelIN,
and another ends thereof are connected to another end of the
coil L1.

As described, the balance charging circuit according to the
present embodiment has such a configuration that the switch
Sc2 is eliminated from the balance charging circuit according
to the eighth embodiment explained with reference to FIG.
46.

The configuration of the balance charging circuit in FIG.
77 itselfis similar to the configuration of the balance charging
circuit explained with reference to FIG. 70, but some con-
trolled contents of switches controlled by a control circuit, not
illustrated, are different.

(Operation of Balance Charging Circuit According to
Twelfth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the twelfth embodiment
of'the present invention will be explained. FIGS. 77 to 84 are
views to explain operations of the twelfth embodiment of the
present invention.

In the balance charging circuit for series-connected cells
according to the twelfth embodiment of the present invention,
in order to charge series-connected storage cells and maintain
voltage balance between the series-connected cells, first to
Nith charging periods are set by a control circuit which is not
illustrated in the figure.

In a first half of the first charging period, the control circuit,
not illustrated, turns on the switches Sal and Sd2. Then, an
input voltage Vin is input from the input terminal 101, so that
the cell Celll is charged while a charging current is stored in
the coil L1. A path of the charging current is indicated by a
dotted arrow of FIG. 78.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
turns on the switch Sbh2 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow of FIG. 79.

After that, in a first half of the second charging period, the
control circuit, not illustrated, maintains the switches Sd2 and
Sb2 to be turned on. This causes discharge from the cell Celll,
thereby storing, in the coil L1, a charging current to charge the
cell Cell2 with electric charge. A path of the charging current
is indicated by a dotted arrow in FIG. 80.

Next, in a second half of the second charging period, the
switch Sb2 is turned off and the switch Sc3 is turned on while
the switch Sd2 is being turned on. Then, the cell Cell2 is
charged with the charging current stored in the coil L1. A path
of'the charging current is indicated by a dotted arrow of FIG.
81.

Then, in the third charging period and its subsequent peri-
ods, the control circuit, not illustrated, turns on the switch Sb2
and the switches Sd3 to SdN in a first half of each of the
charging period to cause discharge from the cells Cell2 to
CellN-1, thereby storing, in the coil L1, a charging current to
charge the cells Cell2 to CelIN with electric charge. Accord-
ingly, in the charging period TN, the control circuit, not
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illustrated, turns on the switches Sb2 and SAN in the first half
of the charging period TN to cause discharge from the cell
CelllN-1, thereby storing, in the coil L1, a charging current
to charge the cell CellN with electric charge. A path of the
charging current is indicated by a dotted arrow of FIG. 82.

Next, in a second half of the charging period TN, the
control circuit, not illustrated, turns on the switches SAN and
ScN+1 to charge the cell CellN with the charging current
stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow of FIG. 83.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 84. FIG. 84 illus-
trates which switch, among the switches in FIG. 77, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

Asillustrated in FIG. 84, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in the first half
of'the first charging period so as to charge the cell Celll, and
the switch Sb2 and a switch for sequentially causing the cells
Celll to CellN-1 to discharge are turned on in a first half of
each of the second charging period and its subsequent charg-
ing periods so as to store a charging current in the coil 1.
Then, corresponding switches for both ends of each cell are
turned on in a second half of each of the charging periods T1
to TN so as to charge the cells Cell2 to CellN, as described
above. As described, the control circuit, not illustrated,
repeatedly controls each of the switches to turn on as shown
in the first to Nth charging periods T1 to TN described above.
Accordingly, it is possible to realize a balance charging cir-
cuit using a single coil L1.

In the eleventh embodiment described above, the cell Celll
is fixed as a cell to be discharged, whereas the cell to be
discharged is not fixed particularly in the present exemplary
embodiment, thereby making it possible to reduce a burden to
the cell Celll.

Note that the present embodiment is applicable to a case
where discharge of the cell Celll to CellN-1 is allowable.

(Configuration of Balance Charging Circuit According to
Thirteenth Embodiment)

FIG. 85 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 85, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting an input terminal 101 into which a
charging voltage is input and the coil L1, a switch group SW2
for electrically connecting both ends of each of the storage
cells Celll to CelIN to both ends of the coil L1, a diode D1,
and a capacitor C1.

The switch group SW1 includes a switch Sal and a switch
Sb2. One end of the switch Sal is connected to the input
terminal 101, and another end thereofis connected to one end
of the coil L1. One end of the switch Sb2 is connected to a
reference voltage terminal, and another end thereof is con-
nected to the one end of the coil L1.

The switch group SW2 includes switches Sc3 to ScN+1
and switches Sd2 to SdN. One ends of the switches Sc3 to
ScN+1 are connected to contact points of N pieces of the
storage cells Cell2 to CelIN and an output terminal 102, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN are connected to the
contact points of N pieces of the storage cells Celll to CelIN,
and the other ends thereof are connected to another end of the
coil L1.

10

25

30

40

45

46

An anode of the diode D1 is connected to one end of the
switch Sd2, and a cathode thereof is connected to a contact
point between the storage cell Celll and the storage cell
Cell2. This diode D1 is provided so as to suppress discharge
from the storage cell Celll.

The capacitor C1 is connected between the anode of the
diode D1 and the reference voltage terminal. This capacitor
C1 is provided to store electric charge once so as to store, in
the coil L1, a current to charge the storage cells Cell2 to CelIN
by discharge of the electric charge thus charged.

(Operation of Balance Charging Circuit According to Thir-
teenth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the thirteenth embodi-
ment of the present invention will be explained. FIGS. 86 to
91 are views to explain operations of the thirteenth embodi-
ment of the present invention.

In the balance charging circuit for series-connected cells
according to the thirteenth embodiment of the present inven-
tion, in order to charge series-connected storage cells and
maintain voltage balance between the series-connected cells,
first to Nth charging periods are set by a control circuit which
is not illustrated in the figure.

In a first half of the first charging period, the control circuit,
not illustrated, turns on the switches Sal and Sd2. Then, an
input voltage Vin is input from the input terminal 101, so that
the cell Celll is charged while a charging current is stored in
the coil L1. A path of the charging current is indicated by a
dotted arrow of FIG. 86. While this cell Celll is charged,
electric charge is stored in the capacitor C1.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
turns on the switch Sbh2 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow of FIG. 87.

After that, in a first half of the second charging period, the
control circuit, not illustrated, maintains the switches Sd2 and
Sb2 to be turned on. This causes discharge from the capacitor
C1, thereby storing, in the coil L1, a charging current to
charge the cell Cell2 with electric charge. At this time, dis-
charge from the cell Celll is suppressed by the diode D1. A
path of the charging current is indicated by a dotted arrow of
FIG. 88.

Next, in a second half of the second charging period, the
switch Sb2 is turned off and the switch Sc3 is turned on while
the switch Sd2 is being turned on. Then, the cell Cell2 is
charged with the charging current charged in the coil L1. A
path of the charging current is indicated by a dotted arrow of
FIG. 89.

Then, in the third charging period and its subsequent peri-
ods, the control circuit, not illustrated, turns on the switch Sb2
and the switch Sd2 in a first half of each charging period to
cause discharge from the capacitor C1, thereby storing, in the
coil L1, a charging current to charge the cells Cell3 to CelIN
with electric charge. Accordingly, in the charging period TN,
the control circuit, not illustrated, turns on the switches Sb2
and Sd2 in a first half of the charging period TN to cause
discharge from the capacitor C1, thereby storing, in the coil
L1, a charging current to charge the cell CellN with electric
charge. This state is the same as the state in F1G. 88, and a path
of the charging current is indicated by the dotted arrow of
FIG. 88.

Next, in a second half of the charging period TN, the
control circuit, not illustrated, turns on the switches SAN and
ScN+1 to charge the cell CellN with the charging current
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stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow in FIG. 90.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 91. FIG. 91 illus-
trates which switch, among the switches in FIG. 85, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

Asillustrated in FIG. 91, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in the first half
of the first charging period so as to charge the cell Celll and
store electric charge in the capacitor C1, and the switches Sb2
and Sd2 are turned on in a first half of each of the second
charging period and its subsequent charging periods so as to
store, in the coil L1, a charging current. Then, corresponding
switches for both ends of each cell are turned on in a second
half of each of the charging periods T1 to TN so as to charge
the cells Cell2 to CelIN, as described above. As described, the
control circuit, not illustrated, repeatedly controls each of the
switches to turn on as shown in the first to Nth charging
periods T1 to TN described above. Accordingly, it is possible
to realize a balance charging circuit using a single coil L1.

Note that the present embodiment is applicable to a case
where it is necessary that discharge of the cell Celll be sup-
pressed.

(Configuration of Balance Charging Circuit According to
Fourteenth Embodiment)

FIG. 92 is a circuit diagram illustrating an exemplary con-
figuration of a balance charging circuit for charging, by use of
a single coil L1, N pieces of storage cells Celll to CellN
which are connected in series. In FIG. 92, the balance charg-
ing circuit includes a single coil L1, a switch group SW1 for
electrically connecting an input terminal 101 into which a
charging voltage is input and the coil L1, a switch group SW2
for electrically connecting both ends of each of the storage
cells Celll to CellN to both ends of the coil L1, (N-1) pieces
of'diodes D1 to DN-1, and (N-1) pieces of capacitors C1 to
CN-1.

The switch group SW1 includes a switch Sal and a switch
Sb2. One end of the switch Sal is connected to the input
terminal 101, and another end thereofis connected to one end
of the coil L1. One end of the switch Sb2 is connected to a
reference voltage terminal, and another end thereof is con-
nected to the one end of the coil L1.

The switch group SW2 includes switches Sc3 to ScN+1
and switches Sd2 to SdN. One ends of the switches Sc3 to
ScN+1 are connected to contact points of N pieces of the
storage cells Cell2 to CelIN and an output terminal 102, and
another ends thereof are connected to the one end of the coil
L1. One ends of the switches Sd2 to SAN are connected to the
contact points of N pieces of the storage cells Celll to CelIN,
and another ends thereof are connected to another end of the
coil L1.

The diodes D1 to DN-1 are provided so as to correspond to
respective switches Sd2 to SdN and respective storage cells
Celll to CelIN-1. An anode of each of the diodes D1 to DN-1
is connected to one end of a corresponding one of the switches
Sd2 to SdN, and a cathode thereof is connected to a contact
point between a corresponding storage cell and another stor-
age cell. These diodes D1 to DN-1 are each provided so as to
suppress discharge from a corresponding storage cell.

The capacitors C1 to CN-1 are each provided to store
electric charge once so as to store, in the coil L1, a current to
charge a corresponding one of the storage cells Cell2 to CelIN
by discharge of the electric charge thus stored.
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(Operation of Balance Charging Circuit According to
Fourteenth Embodiment)

Next, an operation of the balance charging circuit for
series-connected cells according to the fourteenth embodi-
ment of the present invention will be explained. FIGS. 93 to
99 are views to explain operations of the fourteenth embodi-
ment of the present invention.

In the balance charging circuit for series-connected cells
according to the fourteenth embodiment of the present inven-
tion, in order to charge series-connected storage cells and
maintain voltage balance between the series-connected cells,
first to Nth charging periods are set by a control circuit which
is not illustrated in the figure.

In a first half of the first charging period, the control circuit,
not illustrated, turns on the switches Sal and Sd2. Then, an
input voltage Vin is input from the input terminal 101, so that
the cell Celll is charged while a charging current is stored in
the coil L1. A path of the charging current is indicated by a
dotted arrow in FIG. 93. While this cell Celll is charged,
electric charge is stored in the capacitor C1.

Next, in a second half of the first charging period, the
control circuit, not illustrated, turns off the switch Sal and
turns on the switch Sbh2 while the switch Sd2 is being turned
on. Then, the cell Celll is charged with the charging current
stored in the coil L1. A path of the charging current is indi-
cated by a dotted arrow in FIG. 94.

After that, in a first half of the second charging period, the
control circuit, not illustrated, maintains the switches Sd2 and
Sb2 to be turned on. This causes discharge from the capacitor
C1, thereby storing, in the coil L1, a charging current to
charge the cell Cell2 with electric charge. At this time, dis-
charge from the cell Celll is suppressed by the diode D1. A
path of the charging current is indicated by a dotted arrow in
FIG. 95.

Next, in a second half of the second charging period, the
switch Sb2 is turned off and the switch Sc3 is turned on while
the switch Sd2 is being turned on. Then, the cell Cell2 is
charged with the charging current charged in the coil L1. A
path of the charging current is indicated by a dotted arrow in
FIG. 96.

Then, in the third charging period and its subsequent peri-
ods, the control circuit, not illustrated, turns on the switch Sb2
and switches corresponding to the capacitors C2 to CN-1 in
a first half of each of the charging periods to cause discharge
from the capacitor, thereby storing, in the coil L1, a charging
current to charge the cells Cell3 to CellN with electric charge.
Accordingly, in the charging period TN, the control circuit,
not illustrated, turns on the switches Sb2 and SdN in a first
half of the charging period TN to cause discharge from the
capacitor CN-1, thereby storing, in the coil L1, a charging
current to charge the cell CellN with electric charge. A path of
the charging current is indicated by a dotted arrow in FIG. 97.

Next, in a second half of the charging period TN, the
control circuit, not illustrated, turns on the switches SAN and
ScN+1 to charge the cell CellN with the charging current
charged in the coil L1. A path of the charging current is
indicated by a dotted arrow in FIG. 98.

Here, controlled contents by the control circuit, not illus-
trated, are explained with reference to FIG. 99. FIG. 99 illus-
trates which switch, among the switches in FIG. 92, the
control circuit, not illustrated, turns on in each of the first to
Nth charging periods T1 to TN. That is, among the switches,
a switch corresponding to a column indicative of “ON” in the
figure is turned into an ON state by the control circuit, not
illustrated, and the other switches are turned into an off state.

As illustrated in FIG. 99, in each of the charging periods T1
to TN, the switches Sal and Sd2 are turned on in the first half
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of the first charging period so as to charge the cell Celll and
store electric charge in the capacitor C1, and the switch Sb2
and switches corresponding to each capacitor are turned on in
a first half of each of the second charging period and its
subsequent charging periods so as to store, in the coil L1, a
charging current. Then, corresponding switches for both ends
of each cell are turned on in a second half of each of the
charging periods T1 to TN so as to charge the cells Cell2 to
CellN, as described above. As described, the control circuit,
notillustrated, repeatedly controls each of the switches to turn
on as shown in the first to Nth charging periods T1 to TN
described above. Accordingly, it is possible to realize a bal-
ance charging circuit using a single coil L1.

Note that the present embodiment is applicable to a case
where it is necessary that discharge of the cells Celll to CellN
be suppressed.

(Cell Balance Control 1 at the Time of Discharge)

As regard to the series-connected cells charged by the
balance charging circuit for series-connected cells, at the time
of discharge, that is, load driving, if a specific storage cell
constituting the series-connected cells is discharged in an
unbalanced manner, the life of the cell may be shorten. There-
fore, at the time of discharge of the series-connected cells, it
is preferable that the discharge is performed while charging
voltages of respective storage cells constituting the series-
connected cells are kept in balance with each other.

In order to cause discharge while the charging voltages of
the storage cells are kept in balance with each other, a storage
cell having a high charging voltage and a storage cell having
a low charging voltage are searched by current monitoring
circuits, and the following operations may be performed.

For example, in the balance charging circuits explained
with reference to FIGS. 33, 39, and 46, a high-voltage storage
cell CellP (P=1 to N) and a low-voltage storage cell CellQ
(Q=1 to N, except for P) are searched, and voltages of the
respective storage cells are kept in balance with each other by
performing the following operations (1) and (2):

(1) The switch ScP+1 and the switch SdP are turned on in
the charging period Txa, so as to store a current in the coil L1
from the storage cell CellP; and

(2) The switch ScQ and the switch SdQ+1 are turned on in
the charging period Txb, so as to charge the storage cell CellQ
with the current stored in the coil L1 in the charging period
Txa.

That is, as illustrated in FIG. 100, the switch SdP and the
switch ScP+1 are turned on by the control circuit, not illus-
trated, in the first half period Txa of the charging period Tx.
Further, the switch SdQ+1 and the switch ScQ are turned on
by the control circuit, not illustrated, in the second half period
Txb of the charging period Tx.

(Cell Balance Control 2 at the Time of Discharge)

As regard to the balance charging circuits explained with
reference to FIGS. 33, 39, and 46, a high-voltage storage cell
CellP (P=1to N) and alow-voltage storage cell CellQ (Q=1to
N, except for P) are searched, and the switches may be con-
trolled as follows. For example, the switch ScP and the switch
SdP+1 are turned on by the control circuit, not illustrated, in
the first half period Txa of the charging period Tx so as to store
a current in the coil L1 from the storage cell CellP. Next, the
switch ScQ+1 and the switch SdQ are turned on by the control
circuit, not illustrated, in the second half period Txb of the
charging period Tx so as to charge the storage cell CellQ with
the current thus stored in the coil L1.

That is, if Q>1 is satisfied, the switch ScP and the switch
SdP+1 are turned on by the control circuit, not illustrated, in
the first half period Txa of the charging period Tx, as illus-
trated in FIG. 101. Further, the switch SdQ and the switch
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ScQ+1 are turned on by the control circuit, not illustrated, in
the second half period Txb of the charging period Tx. How-
ever, if Q=1 is satisfied, the switch Sb1 and the switch Sc2 are
turned on by the control circuit, not illustrated, in the second
half period Txb of the charging period Tx, as illustrated in
FIG. 102.

(Cell Balance Control 3 at the Time of Discharge)

In regard to the balance charging circuit explained with
reference to FIG. 52, the cell balance at the time of discharge
is limited to charge-transfer from an odd-numbered storage
cell to an even-numbered storage cell and vice versa. A high-
voltage storage cell CellP (P=1 to N) and a low-voltage stor-
age cell CellQ (Q=1 to N, and P+Q is an odd number) are
searched, and voltages of the respective storage cells are kept
in balance with each other by performing the following opera-
tions (1) and (2):

(1) The switch SfP-1 and the switch S{P are turned on in
the first half period Txa of the charging period Tx, so as to
store a current in the coil L1 from the storage cell CellP; and

(2) The switch SfQ-1 and the switch SfQ are turned on in
the second half period Txb of the charging period Tx, so as to
charge the storage cell CellQ with the current stored in the
coil L1 in the period Txa.

That is, as illustrated in FIG. 103, the switch S{P-1 and the
switch S{P are turned on by the control circuit, not illustrated,
in the first half period Txa of the charging period Tx. Further,
the switch SfQ-1 and the switch SfQ are turned on by the
control circuit, not illustrated, in the second half period Txb of
the charging period Tx.

(Cell Balance Control 4 at the Time of Discharge)

As regard to the balance charging circuit explained with
reference to FIG. 63, a high-voltage storage cell CellP (P=1 to
N) and a low-voltage storage cell CellQ (Q=1 to N, except for
P) are searched at the time of discharge, and the switches may
be controlled as illustrated in FIGS. 104 to 106.

That is, if P>1 is satisfied, the switch SAP and the switch
ScP+1 are turned on by the control circuit, not illustrated, in
the first half period Txa of the charging period Tx, as illus-
trated in FIG. 104. Further, the switch ScQ and the switch
SdQ+1 are turned on by the control circuit, not illustrated, in
the second half period Txb of the charging period Tx.

However, if P=1 is satisfied, the switch Sb2 and the switch
Sd2 are turned on by the control circuit, not illustrated, in the
firsthalf period Txa of the charging period Tx, as illustrated in
FIG. 105. Further, the switch ScQ and the switch SdQ+1 are
turned on by the control circuit, not illustrated, in the second
half period Txb of the charging period Tx.

Furthermore, if Q=1 is satisfied, the switch SdP and the
switch ScP+1 are turned on by the control circuit, not illus-
trated, in the first half period Txa of the charging period Tx, as
illustrated in FIG. 106. Further, the switch Sd2 and the switch
Sb2 are turned on by the control circuit, not illustrated, in the
second half period Txb of the charging period Tx.

(Cell Balance Control 5 at the Time of Discharge)

As regard to the balance charging circuit explained with
reference to FIG. 85, a high-voltage storage cell CellP (P=2to
N) and a low-voltage storage cell CellQ (Q=1 to N, except for
P) are searched at the time of discharge, and the switches may
be controlled as illustrated in FIGS. 107 and 108.

That is, if P>1 is satisfied, the switch SAP and the switch
ScP+1 are turned on by the control circuit, not illustrated, in
the first half period Txa of the charging period Tx, as illus-
trated in FIG. 107. Further, the switch ScQ and the switch
SdQ+1 are turned on by the control circuit, not illustrated, in
the second half period Txb of the charging period Tx.

Furthermore, if Q=1 is satisfied, the switch SdP and the
switch ScP+1 are turned on by the control circuit, not illus-



US 9,385,553 B2

51
trated, in the first half period Txa ofthe charging period Tx, as
illustrated in F1G. 108. Further, the switch Sd2 and the switch
Sb2 are turned on by the control circuit, not illustrated, in the
second half period Txb of the charging period Tx.

In the balance charging circuit explained above with refer-
enceto FIG. 85, the diode D1 is provided. Therefore, in a case
of P=1, it is impossible to perform cell balance at the time of
discharge.

Note that as regard to the balance charging circuit
explained with reference to FIG. 92, since the diodes D1 to
DN-1 are provided, it is impossible to perform cell balance at
the time of discharge.

(Balance Charging Method for Series-Connected Storage
Cells)

In the balance charging circuit for series-connected storage
cells according to each of the embodiments described above,
the following balance charging method for series-connected
storage cells is implemented. That is, such a balance charging
method for series-connected storage cells is implemented in
which a power is supplied from a power supply connected to
aninput terminal, and first to Nth (N is an integer of 2 or more,
the same applies hereinafter) storage cells connected in series
sequentially from a reference voltage terminal between an
output terminal and the reference voltage terminal are
charged in a balanced manner, and which method includes: a
first step of electrically connecting a coil between the input
terminal and the reference voltage terminal and charging the
coil with a charging current to charge the kth (1<k=N) storage
cell; a second step of electrically connecting the coil to both
ends of the kth storage cell and charging the kth storage cell
with the charging current charged in the coil in the first step;
and a third step of repeatedly performing the first and second
steps to charge the first to Nth storage cells one by one. By
employing this method, it is not necessary to provide a plu-
rality of coils and it is possible to charge series-connected
storage cells in a balanced manner by a single coil.

INDUSTRIAL APPLICABILITY

The balance charging circuit for series-connected cells
according to the present invention is preferably applicable to
a field such as an electricity storage system.

REFERENCE SIGNS LIST

101, 201, 301, 401, 501: Input Terminal
102, 202, 302, 402, 502: Output Terminal
503: Charging Control Circuit

504: Cell Balancing Circuit

C1 to CN-1: Capacitor

Celll to CelIN: Storage Cell

Control 1 to Control 6: Control Circuit
D1 to DN-1: Diode

L1, L2: Coil

M1, M2: Current Monitoring Circuit

S1 to S6: Switch

The invention claimed is:

1. A balance charging circuit for series-connected storage
cells for charging, in a balanced manner, a first storage cell
and a second storage cell connected in series and having one
series-connected end connected to an output terminal and
another series-connected end connected to a reference volt-
age terminal, the balancing charging circuit comprising:

a coil provided in common for the first storage cell and the
second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage
cell and the second storage cell; and
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a switch section for electrically connecting the coil to one
of the first storage cell and the second storage cell to
charge the one of the first storage cell and the second
storage cell, and then for electrically connecting the coil
to the other one of the first storage cell and the second
storage cell to charge the other one of the first storage
cell and the second storage cell;

wherein the switch section includes a plurality of switches
for switching a path of a charging current flowing in the
coil,

the balance charging circuit further comprising:

a control circuit for controlling the plurality of switches to
be turned on and off and for setting repeatedly in turn a
first charging period in which the coil is charged with a
charging current to charge the second storage cell, a
second charging period in which the second storage cell
is charged with the charging current thus charged in the
coil, a third charging period in which the coil is charged
with a charging current to charge the first storage cell,
and a fourth charging period in which the first storage
cell is charged with the charging current thus charged in
the coil, wherein:

in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil;

in the second charging period, the control circuit controls
the plurality of switches to be turned on and off to form
a path of a charging current flowing into the second
storage cell from the coil; and

in the third charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil; and

in the fourth charging period, the control circuit controls
the plurality of switches to be turned on and off to
electrically conduct one end of the coil to one end of the
first storage cell, electrically conduct another end of the
coil to another end of the first storage cell, and form a
path of a charging current flowing into the first storage
cell from the coil;

wherein the plurality of switches includes:

a first switch having one end connected to a contact point
where the first storage cell and the second storage cell
are connected to each other,

a second switch having one end connected to an input
terminal,

a third switch having one end connected to the reference
voltage terminal,

a fourth switch having one end connected to the output
terminal,

a fifth switch having one end connected to the reference
voltage terminal, and

a sixth switch having one end connected to the contact
point where the first storage cell and the second storage
cell are connected to each other,

wherein one end of the coil is connected to another end of
the first switch, another end of the second switch, and
another end of the third switch, and another end of the
coil is connected to another end of the fourth switch,
another end of the fifth switch, and another end of the
sixth switch, and

wherein in the first charging period, the control circuit
turns on the second and sixth switches and turns off the
first, third, fourth, and fifth switches,
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in the second charging period, the control circuit turns on
the third and sixth switches and turns off the first, sec-
ond, fourth, and fifth switches,

in the third charging period, the control circuit turns on the
second and fifth switches and turns off the first, third,
fourth, and sixth switches, and

in the fourth charging period, the control circuit turns on
the first and fourth switches and turns off the second,
third, fifth, and sixth switches.

2. A balance charging circuit for series-connected storage
cells for charging, in a balanced manner, a first storage cell
and a second storage cell connected in series and having one
series-connected end connected to an output terminal and
another series-connected end connected to a reference volt-
age terminal, the balancing charging circuit comprising:

a coil provided in common for the first storage cell and the
second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage
cell and the second storage cell; and

a switch section for electrically connecting the coil to one
of the first storage cell and the second storage cell to
charge the one of the first storage cell and the second
storage cell, and then for electrically connecting the coil
to the other one of the first storage cell and the second
storage cell to charge the other one of the first storage
cell and the second storage cell;

wherein the switch section includes a plurality of switches
for switching a path of a charging current flowing in the
coil,

the balance charging circuit further comprising:

a control circuit for controlling the plurality of switches to
be turned on and off and for setting repeatedly in turn a
first charging period in which the coil is charged with a
charging current to charge the second storage cell, a
second charging period in which the second storage cell
is charged with the charging current thus charged in the
coil, a third charging period in which the coil is charged
with a charging current to charge the first storage cell,
and a fourth charging period in which the first storage
cell is charged with the charging current thus charged in
the coil, wherein:

in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil;

in the second charging period, the control circuit controls
the plurality of switches to be turned on and off to form
a path of a charging current flowing into the second
storage cell from the coil;

in the third charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil; and

in the fourth charging period, the control circuit controls
the plurality of switches to be turned on and off to
electrically conduct one end of the coil to one end of the
first storage cell, electrically conduct another end of the
coil to another end of the first storage cell, and form a
path of a charging current flowing into the first storage
cell from the coil;

wherein the plurality of switches includes:

a first switch having one end connected to a contact point
where the first storage cell and the second storage cell
are connected to each other,

a second switch having one end connected to an input
terminal,
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a third switch having one end connected to the reference
voltage terminal,

a fourth switch having one end connected to the output
terminal,

a fifth switch having one end connected to the reference
voltage terminal, and

a sixth switch having one end connected to the contact
point where the first storage cell and the second storage
cell are connected to each other,

wherein one end of the coil is connected to another end of
the first switch, another end of the second switch, and
another end of the third switch, and another end of the
coil is connected to another end of the fourth switch,
another end of the fifth switch, and another end of the
sixth switch, and

wherein in the first charging period, the control circuit
turns on the second and fifth switches and turns off the
first, third, fourth, and sixth switches,

in the second charging period, the control circuit turns on
the third and sixth switches and turns off the first, sec-
ond, fourth, and fifth switches,

in the third charging period, the control circuit turns on the
second and fifth switches and turns off the first, third,
fourth, and sixth switches, and

in the fourth charging period, the control circuit turns on
the first and fourth switches and turns off the second,
third, fifth, and sixth switches.

3. A balance charging circuit for series-connected storage
cells for charging, in a balanced manner, a first storage cell
and a second storage cell connected in series and having one
series-connected end connected to an output terminal and
another series-connected end connected to a reference volt-
age terminal, the balancing charging circuit comprising:

a coil provided in common for the first storage cell and the
second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage
cell and the second storage cell; and

a switch section for electrically connecting the coil to one
of the first storage cell and the second storage cell to
charge the one of the first storage cell and the second
storage cell, and then for electrically connecting the coil
to the other one of the first storage cell and the second
storage cell to charge the other one of the first storage
cell and the second storage cell;

wherein the switch section includes a plurality of switches
for switching a path of a charging current flowing in the
coil,

the balance charging circuit further comprising:

a control circuit for controlling the plurality of switches to
be turned on and off and for setting repeatedly in turn a
first charging period in which the coil is charged with a
charging current to charge the second storage cell, a
second charging period in which the second storage cell
is charged with the charging current thus charged in the
coil, a third charging period in which the coil is charged
with a charging current to charge the first storage cell,
and a fourth charging period in which the first storage
cell is charged with the charging current thus charged in
the coil, wherein:

in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil;

in the second charging period, the control circuit controls
the plurality of switches to be turned on and off to form
a path of a charging current flowing into the second
storage cell from the coil;
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in the third charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil; and

in the fourth charging period, the control circuit controls
the plurality of switches to be turned on and off to
electrically conduct one end of the coil to one end of the
first storage cell, electrically conduct another end of the
coil to another end of the first storage cell, and form a
path of a charging current flowing into the first storage
cell from the coil;

wherein the plurality of switches includes:

a first switch having one end connected to the output ter-
minal,

a second switch having one end connected to an input
terminal,

a third switch having one end connected to the reference
voltage terminal,

a fourth switch having one end connected to the input
terminal, and

a fifth switch having one end connected to a contact point
where the first storage cell and the second storage cell
are connected to each other,

wherein one end of the coil is connected to another end of
the first switch, another end of the second switch, and
another end of the third switch, and another end of the
coil is connected to another end of the fourth switch and
another end of the fifth switch, and

wherein in the first charging period, the control circuit
turns on the second and fifth switches and turns off the
first, third, and fourth switches,

in the second charging period, the control circuit turns on
the third and fifth switches and turns off the first, second,
and fourth switches,

in the third charging period, the control circuit turns on the
third and fourth switches and turns off the first, second,
and fifth switches, and

in the fourth charging period, the control circuit turns on
the first and fifth switches and turns off the second, third,
and fourth switches.

4. A balance charging circuit for series-connected storage

cells for charging, in a balanced manner, a first storage cell
and a second storage cell connected in series and having one
series-connected end connected to an output terminal and
another series-connected end connected to a reference volt-
age terminal, the balancing charging circuit comprising:

a coil provided in common for the first storage cell and the
second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage
cell and the second storage cell; and

a switch section for electrically connecting the coil to one
of the first storage cell and the second storage cell to
charge the one of the first storage cell and the second
storage cell, and then for electrically connecting the coil
to the other one of the first storage cell and the second
storage cell to charge the other one of the first storage
cell and the second storage cell;

wherein the switch section includes a plurality of switches
for switching a path of a charging current flowing in the
coil,

the balance charging circuit further comprising:

a control circuit for controlling the plurality of switches to
be turned on and off and for setting repeatedly in turn a
first charging period in which the coil is charged with a
charging current to charge the second storage cell, a
second charging period in which the second storage cell
is charged with the charging current thus charged in the
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coil, a third charging period in which the coil is charged
with a charging current to charge the first storage cell,
and a fourth charging period in which the first storage
cell is charged with the charging current thus charged in
the coil, wherein:

in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil;

in the second charging period, the control circuit controls
the plurality of switches to be turned on and off to form
a path of a charging current flowing into the second
storage cell from the coil;

in the third charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil; and

in the fourth charging period, the control circuit controls
the plurality of switches to be turned on and off to
electrically conduct one end of the coil to one end of the
first storage cell, electrically conduct another end of the
coil to another end of the first storage cell, and form a
path of a charging current flowing into the first storage
cell from the coil;

wherein the plurality of switches includes:

a first switch having one end connected to the output ter-
minal,

a second switch having one end connected to an input
terminal, and

a third switch having one end connected to the reference
voltage terminal,

wherein one end of the coil is connected to another end of
the first switch, another end of the second switch, and
another end of the third switch, and another end of the
coil is connected to a contact point where the first storage
cell and the second storage cell are connected to each
other, and

wherein in the first charging period, the control circuit
turns on the second switch and turns off the first and third
switches,

in the second charging period, the control circuit turns on
the third switch and turns off the first and second
switches,

in the third charging period, the control circuit turns on the
third switch and turns off the first and second switches,

and

in the fourth charging period, the control circuit turns on
the first switch and turns off the second and third
switches.

5. A balance charging circuit for series-connected storage
cells for charging, in a balanced manner, a first storage cell
and a second storage cell connected in series and having one
series-connected end connected to an output terminal and
another series-connected end connected to a reference volt-
age terminal, the balancing charging circuit comprising:

a coil provided in common for the first storage cell and the
second storage cell and temporarily storing a power
supplied from a power supply to charge the first storage
cell and the second storage cell; and

a switch section for electrically connecting the coil to one
of the first storage cell and the second storage cell to
charge the one of the first storage cell and the second
storage cell, and then for electrically connecting the coil
to the other one of the first storage cell and the second
storage cell to charge the other one of the first storage
cell and the second storage cell;
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wherein the switch section includes a plurality of switches
for switching a path of a charging current flowing in the
coil,

the balance charging circuit further comprising:

a control circuit for controlling the plurality of switches to
be turned on and off and for setting repeatedly in turn a
first charging period in which the coil is charged with a
charging current to charge the second storage cell, a
second charging period in which the second storage cell
is charged with the charging current thus charged in the
coil, a third charging period in which the coil is charged
with a charging current to charge the first storage cell,
and a fourth charging period in which the first storage
cell is charged with the charging current thus charged in
the coil, wherein:

in the first charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil;

in the second charging period, the control circuit controls
the plurality of switches to be turned on and off to form
a path of a charging current flowing into the second
storage cell from the coil;

in the third charging period, the control circuit controls the
plurality of switches to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil; and

in the fourth charging period, the control circuit controls
the plurality of switches to be turned on and off to
electrically conduct one end of the coil to one end of the
first storage cell, electrically conduct another end of the
coil to another end of the first storage cell, and form a
path of a charging current flowing into the first storage
cell from the coil;

wherein the plurality of switches includes:

a first switch having one end connected to the output ter-
minal,

a second switch having one end connected to an input
terminal, and

a third switch having one end connected to the reference
voltage terminal,

the balance charging circuit further comprising:

a capacitor having one end connected to the reference
voltage terminal, and

a diode having a cathode connected to a contact point
where the first storage cell and the second storage cell
are connected to each other,

wherein one end of the coil is connected to another end of
the first switch, another end of the second switch, and
another end of the third switch, and another end of the
coil is connected to another end of the capacitor and an
anode of the diode, and

wherein in the first charging period, the control circuit
turns on the second switch and turns off the first and third
switches,

in the second charging period, the control circuit turns on
the third switch and turns off the first and second
switches,

in the third charging period, the control circuit turns on the
third switch and turns off the first and second switches,
and

in the fourth charging period, the control circuit turns on
the first switch and turns off the second and third
switches.

6. The balance charging circuit for series-connected stor-

age cells according to claim 3, wherein the control circuit sets
times for turning on the switches in the second and fourth
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charging periods so that the charging current of the coil
becomes zero at the end of the second and fourth charging
periods.

7. A balance charging circuit for series-connected storage
cells in which a power is supplied from a power supply
connected to an input terminal, and first to Nth (N is an integer
of 2 or more, the same applies hereinafter) storage cells
connected in series sequentially from a reference voltage
terminal between an output terminal and the reference voltage
terminal are charged in a balanced manner, the balance charg-
ing circuit comprising:

a coil for storing a power supplied from the power supply

and charging the first to Nth storage cells;

a first switch group for electrically connecting the coil
between the input terminal and the reference voltage
terminal;

a second switch group for electrically connecting the coil
to both ends of each of the first to Nth storage cells to
charge the each of the first to Nth storage cells, and

a control circuit for repeatedly setting each of first to Nth
charging periods wherein a kth (1=<k=N) coil charging
period in which the first switch group is controlled to be
turned on and off to charge the coil with a charging
current to charge the kth storage cell, and a kth storage
cell charging period in which the second switch group is
controlled to be turned on and off to charge the kth
storage cell with the charging current charged in the coil
in the kth coil charging period are taken as a kth charging
period for charging the kth storage cell,

wherein the first to Nth storage cells are charged one by
one, and

wherein:

in the kth coil charging period, the control circuit controls
the first switch group to be turned on and off to form a
path of a charging current flowing into the reference
voltage terminal through the coil, and

in the kth storage cell charging period, the control circuit
controls the second switch group to be turned on and off
to form a path of a charging current flowing into the kth
storage cell from the coil.

8. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil, and

a second coil connection switch having one end connected
to another end of the coil and another end connected to
the reference voltage terminal; and

wherein the second switch group includes:

first to Nth storage cell lower side connection switches
each having one end connected to a lower side of each of
the first to Nth storage cells, and another end connected
to the one end of the coil, and

first to (N-1)th storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to (N-1)th storage cells, and another end
connected to the another end of the coil.

9. The balance charging circuit for series-connected stor-
age cells according to claim 8, wherein in the kth coil charg-
ing period, the control circuit turns on the first and second coil
connection switches, and turns off the first to Nth storage cell
lower side connection switches and the first to (N-1)th stor-
age cell upper side connection switches; and

in the kth storage cell charging period, the control circuit
turns off the first and second coil connection switches,
turns on the kth storage cell lower side connection



US 9,385,553 B2

59

switch and the kth storage cell upper side connection
switch, and turns off the switches other than the kth
storage cell lower side connection switch among the
second to Nth storage cell lower side connection
switches, and the switches other than the kth storage cell
upper side connection switch among the first to (N-1)th
storage cell upper side connection switches.

10. The balance charging circuit for series-connected stor-
age cells according to claim 8, wherein in the first coil charg-
ing period, the control circuit turns on the first coil connection
switch and the first storage cell upper side connection switch,
and turns off the second coil connection switch, the first to
Nth storage cell lower side connection switches, and the
second to (N-1)th storage cell upper side connection
switches;

in the Mth (2=M=N) coil charging period, the control cir-

cuit turns on the first and second coil connection
switches, and turns off the first to Nth storage cell lower
side connection switches and the first to (N-1)th storage
cell upper side connection switches,

in the first storage cell charging period, the control circuit

turns off the first and second coil connection switches,
turns on the first storage cell lower side connection
switch and the first storage cell upper side connection
switch, and turns off the switches other than the first
storage cell lower side connection switch among the first
to Nth storage cell lower side connection switches, and
the switches other than the first storage cell upper side
connection switch among the first to (N-1)th storage
cell upper side connection switches, and

in the Mth storage cell charging period, the control circuit

turns off the first and second coil connection switches,
turns on the Mth storage cell lower side connection
switch and the Mth storage cell upper side connection
switch, and turns off the switches other than the Mth
storage cell lower side connection switch among the first
to Nth storage cell lower side connection switches, and
the switches other than the Mth storage cell upper side
connection switch among the first to (N-1)th storage
cell upper side connection switches.

11. The balance charging circuit for series-connected stor-
age cells according to claim 8, wherein in the first storage cell
charging period, the control circuit turns on the first and
second coil connection switches, and turns off the first to Nth
storage cell lower side connection switches and the first to
(N=-1)th storage cell upper side connection switches,

in the Mth coil charging period, the control circuit turns on

the first and second coil connection switches, and turns
off the first to Nth storage cell lower side connection
switches and the first to (N-1)th storage cell upper side
connection switches, in the first storage cell charging
period, the control circuit turns on the first coil connec-
tion switch and the first storage cell upper side connec-
tion switch, and turns off the second coil connection
switch, the first to Nth storage cell lower side connection
switches, and the switches other than the first storage
cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches,
and

in the Mth storage cell charging period, the control circuit

turns off the first and second coil connection switches,
turns on the Mth storage cell lower side connection
switch and the Mth storage cell upper side connection
switch, and turns off the switches other than the Mth
storage cell lower side connection switch among the first
to Nth storage cell lower side connection switches, and
the switches other than the Mth storage cell upper side
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connection switch among the first to (N-1)th storage
cell upper side connection switches.

12. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil,

a second coil connection switch having one end connected
to another end of the coil and another end connected to
the reference voltage terminal,

athird coil connection switch having one end connected to
the input terminal and another end connected to the
another end of the coil, and

a fourth coil connection switch having one end connected
to the one end of the coil and another end connected to
the reference voltage terminal, and

wherein the second switch group includes:

a kth (k is an even number) storage cell connection switch
having one end connected to a lower side of each of the
first to Nth storage cells and the output terminal, and
another end connected to the one end of the coil, and

a kth (k is an odd number) storage cell connection switch
having one end connected to an upper side of each of the
first to (N-1)th storage cells, and another end connected
to the another end of the coil.

13. The balance charging circuit for series-connected stor-
age cells according to claim 12, wherein in the kth (k isan odd
number) coil charging period, the control circuit turns on the
first and second coil connection switches, and turns off the
third and fourth coil connection switches and the first to Nth
storage cell connection switches,

in the kth (k is an even number) coil charging period, the
control circuit turns on the third and fourth coil connec-
tion switches, and turns off the first and second coil
connection switches and the first to Nth storage cell
connection switches,

in the first storage cell charging period, the control circuit
turns on the fourth coil connection switch and the first
storage cell connection switch, and turns off the first to
third coil connection switches and the second to Nth
storage cell connection switches, and

in the kth (k=2) storage cell charging period, the control
circuit turns on the kth storage cell connection switch
and the (k-1)th storage cell connection switch, and turns
off the first to fourth coil connection switches and the
switches other than the kth and (k-1)th storage cell
connection switches among the first to Nth storage cell
connection switches.

14. The balance charging circuit for series-connected stor-
age cells according to claim 13, wherein in the first coil
charging period, the control circuit turns on the first storage
cell connection switch instead of turning on the second coil
connection switch.

15. The balance charging circuit for series-connected stor-
age cells according to claim 13, wherein in the first storage
cell charging period, the control circuit turns on the first coil
connection switch instead of turning on the fourth coil con-
nection switch.

16. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to

the input terminal and another end connected to one end
of the coil,
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a second coil connection switch having one end connected
to the input terminal and another end connected to
another end of the coil, and

athird coil connection switch having one end connected to
the one end of the coil and another end connected to the
reference voltage terminal, and

wherein the second switch group includes:

first to (N-1)th storage cell lower side connection switches
each having one end connected to a lower side of each of
the third to Nth storage cells and the output terminal, and
another end connected to the one end of the coil, and

first to (N-1)th storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to (N-1)th storage cells, and another end
connected to the another end of the coil.

17. The balance charging circuit for series-connected stor-
age cells according to claim 16, wherein in the first coil
charging period, the control circuit turns on the first coil
connection switch and the first storage cell upper side con-
nection switch,

in the second to Nth coil charging periods, the control
circuit turns on the second and third coil connection
switches, and turns off the first to (N-1)th storage cell
lower side connection switches and the first to (N-1)th
storage cell upper side connection switches,

in the first storage cell charging period, the control circuit
turns on the third coil connection switch and the first
storage cell upper side connection switch, and turns off
the first to (N-1)th storage cell lower side connection
switches, and the switches other than the first storage
cell upper side connection switch among the first to
(N-1)th storage cell upper side connection switches,
and

in the kth (k=2) storage cell charging period, the control
circuit turns off the first to third coil connection
switches, turns on the (k+1)th storage cell lower side
connection switch and the kth storage cell upper side
connection switch, and turns off the switches other than
the (k+1)th storage cell lower side connection switch
among the first to (N-1)th storage cell lower side con-
nection switches, and the switches other than the kth
storage cell upper side connection switch among the first
to (N-1)th storage cell upper side connection switches.

18. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil, and

a second coil connection switch having one end connected
to the one end of the coil and another end connected to
the reference voltage terminal, and

wherein the second switch group includes:

first to (N-1)th storage cell lower side connection switches
each having one end connected to a lower side of each of
the third to Nth storage cells and the output terminal, and
another end connected to the one end of the coil, and

first to (N-1)th storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to (N-1)th storage cells, and another end
connected to another end of the coil.

19. The balance charging circuit for series-connected stor-
age cells according to claim 18, wherein in the first coil
charging period, the control circuit turns on the first coil
connection switch and the first storage cell upper side con-
nection switch,
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in the second to Nth coil charging periods, the control
circuit turns on the second coil connection switch and
the first storage cell upper side connection switch, and
turns off the first to (N-1)th storage cell lower side
connection switches and the second to (N-1)th storage
cell upper side connection switches,

in the first storage cell charging period, the control circuit
turns on the second coil connection switch and the first
storage cell upper side connection switch, and turns off
the first to (N-1)th storage cell lower side connection
switches and the second to (N-1)th storage cell upper
side connection switches, and

in the kth (k=2) storage cell charging period, the control
circuit turns off the first and second coil connection
switches, turns on the (k+1)th storage cell lower side
connection switch and the kth storage cell upper side
connection switch, and turns off the switches other than
the (k+1)th storage cell lower side connection switch
among the first to (N-1)th storage cell lower side con-
nection switches, and the switches other than the kth
storage cell upper side connection switch among the first
to (N-1) storage cell upper side connection switches.

20. The balance charging circuit for series-connected stor-
age cells according to claim 19, wherein in the kth (2<k=<N)
coil charging period, the control circuit turns on the second
coil connection switch and the (k-1)th storage cell upper side
connection switch, and turns off the first to (N-1)th storage
cell lower side connection switches, and the switches other
than the (k-1)th storage cell upper side connection switch
among the first to (N-1)th storage cell upper side connection
switches.

21. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil, and

a second coil connection switch having one end connected
to the one end of the coil and another end connected to
the reference voltage terminal, and

wherein the second switch group includes:

first to (N-1)th storage cell lower side connection switches
each having one end connected to a lower side of each of
the third to Nth storage cells and the output terminal, and
another end connected to the one end of the coil, and

first to (N-1)th storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to (N-1) th storage cells, and another end
connected to another end of the coil, and

wherein the balance charging circuit further comprising:

a diode having a cathode connected to the upper side of the
first storage cell and an anode connected to the first
storage cell upper side connection switch; and

a capacitor connected between the anode of the diode and
the reference voltage terminal.

22. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:

a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil,

a second coil connection switch having one end connected
to the one end of the coil and another end connected to
the reference voltage terminal, and

the second switch group comprising:

first to (N-1)th storage cell lower side connection switches
each having one end connected to a lower side of each of
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the third to Nth storage cells and the output terminal, and
another end connected to the one end of the coil, and
first to (N-1)th storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to (N-1)th storage cells, and another end
connected to another end of the coil,
the balance charging circuit further comprising:
first to (N-1)th diodes each provided for each of the first to
(N-1)th storage cells and having a cathode connected to
an upper side of a corresponding storage cell and an
anode connected to each of the first to (N-1)th storage
cell upper side connection switches;
a first capacitor connected between an anode of the first
diode and the reference voltage terminal; and
second to (N-1)th capacitors each provided for each of the
second to (N-1)th diodes and connected between an
anode of a corresponding diode and an anode of a diode
provided at a lower side of the corresponding diode.
23. The balance charging circuit for series-connected stor-
age cells according to claim 21, wherein in the first coil
charging period, the control circuit turns on the first coil
connection switch and the first storage cell upper side con-
nection switch;
in the second to Nth coil charging periods, the control
circuit turns on the second coil connection switch and
the first storage cell upper side connection switch, and
turns off the first to (N-1)th storage cell lower side
connection switches and the second to (N-1)th storage
cell upper side connection switches;
in the first storage cell charging period, the control circuit
turns on the second coil connection switch and the first
storage cell upper side connection switch, and turns off
the first to (N-1)th storage cell lower side connection
switches and the second to (N-1)th storage cell upper
side connection switches; and
in the kth (k=2) storage cell charging period, the control
circuit turns off the first and second coil connection
switches, turns on the (k-1)th storage cell lower side
connection switch and the (k-1)th storage cell upper
side connection switch, and turns off the switches other
than the (k-1)th storage cell lower side connection
switch among the first to Nth storage cell lower side
connection switches, and the switches other than the
(k=1)th storage cellupper side connection switch among
the first to (N-1) storage cell upper side connection
switches.
24. The balance charging circuit for series-connected stor-
age cells according to claim 7, wherein the first switch group
includes:
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a first coil connection switch having one end connected to
the input terminal and another end connected to one end
of the coil, and

a second coil connection switch having one end connected
to another end of the coil and another end connected to
the reference voltage terminal; and

wherein the second switch group includes:

first to Nth storage cell lower side connection switches
each having one end connected to a lower side of each of
the first to Nth storage cells, and another end connected
to the one end of the coil, and

first to Nth storage cell upper side connection switches
each having one end connected to an upper side of each
of the first to Nth storage cells, and another end con-
nected to the another end of the coil.

25. The balance charging circuit for series-connected stor-
age cells according to claim 24, wherein in the first to Nth coil
charging periods, the control circuit turns on the first coil
connection switch and the second coil connection switch, and
turns off the first to Nth storage cell lower side connection
switches and the first to Nth storage cell upper side connec-
tion switches; and

inthe kth (1 <k=N) storage cell charging period, the control
circuit turns on the kth storage cell lower side connection
switch and the kth storage cell upper side connection
switch, and turns off the switches other than the kth
storage cell lower side connection switch among the first
to Nth storage cell lower side connection switches, and
the switches other than the kth storage cell upper side
connection switch among the first to Nth storage cell
upper side connection switches.

26. The balance charging circuit for series-connected stor-
age cells according to claim 13, wherein after all operations
corresponding to the kth (k is an odd number) coil charging
period and the kth (k is an odd number) storage cell charging
period are completed, the control circuit controls the first and
second switch groups to be turned on and off so that opera-
tions corresponding to the kth (k is an even number) coil
charging period and the kth (k is an even number) storage cell
charging period are performed.

27. The balance charging circuit for series-connected stor-
age cells according to claim 13, wherein after all operations
corresponding to the kth (k is an even number) coil charging
period and the kth (k is an even number) storage cell charging
period are completed, the control circuit controls the first and
second switch groups to be turned on and off so that opera-
tions corresponding to the kth (k is an odd number) coil
charging period and the kth (k is an odd number) storage cell
charging period are performed.
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